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FOREWORD 

Pa r t  of the Biomedical Data System supporting the 

Apollo prograrn invoxves the proclessiqg of WG measurements. 

Recent developments i n  the arse af new physiological para- 

meters of measurement incZude ra te  of chmge and rate of ra te  

of change! approaches t o  the an8lysis of hetar% beat radx data. 

Basic studies heeve yielded promising results, Howevw, 

before including these indexes i n  the c lus te r  of biomedical 

measurement techniques t;o be appliled during the Ap01;Zo 

missions, more should be known of their  relationship t o  

actual subject performarw?. 

3[n th i s  study, the ra te  of change techniques were 

refined and evaluated f o r  use i n  rea l  t i m e  monitoring of 

manned Apollo missions. 
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VALIDATION OF NEW IHDEXES OF ~~~: REEATIObTSHIP 

OF RATE OF C h G E  PARAME!PERS TO TASK PERFORMANCE 

VMDE$l STRESS 

INTRODUCTIOM 

-,, New indexes of measurement of psychological parameters art? 

currenely being developed. 

urements of rate of c 

i n  physiological functions and systems. Although preliminairy 

research has shown that information i s  producted by RC and RRC 

Of partieular in te res t  are  the meas- 

e (RC) and rate of rate of change (RRC) 

measurement which is different from, and supplementary to, the 

more t radi t ional  measures (such as means and vari&ncas), the rela- 

tionships of such information t o  the actual performance of indivi- 

duals are not lullown, T h i s  present research consists of an experf- 

mentgh skudy i n  which, under stress as opposed t o  non-stress 

conditions, the char&eterist ic RC and RRC of heart rate is related 

t o  proficiency i n  performing psychomotor and c0kniJ;iv-e tasks o f  

various levels  of complexity, The eventual use of swh  informa- 

t ion  will be i n  e ~ a b ~ i ~ h ~ n ~  selaction standards, and i n  the early 

detection and, par%icul rky, prediction of adverse ch 

perfomnrance of astronauts during space flights. 

The f eas ib i l i t y  of the proposed study is supported i n  par t  

by %wo previous research e f for t s*  

%meow act ivi ty ,  Eacey and Lacey found $hat individuals w i t h  a 

high rate 0% change (chacterized as "labile" persons) tended t o  

show more errors  i n  varLous experimental tasks than did individwla 

F i rs t , .  i n  a study of spon- 
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with a low rate of change (characterized as "st&bile" persons) . 1 
Second, as Townsend and Lindsey have pointed out, one of the more 

provocative s t a t i s t i c a l  treatments of physiological data is the 

determination of' the rate of change and the rate of rate of 

change of the particular parameter 

Lindsey have demonstrated the feasibil i ty of neasuring these 

two parameters m d  of determining their statist ical .  significance 

both between and within subjects. 

Rate of change and rate of rate of change Sndexes m a y  be 

Townsend and 

derived from instmtaneous he8rt beat measures. Therefore, it 

was thought t o  be highly probable that the relationships between 

subjects with various levels  o f  RC and RRC of' heart ra te  and 

their per fomace  on various tasks would be observable and be 

s t a t i s t i c a l l y  significant.  Fwl;her, support was thought t o  

be hfghly probable for  the hypothesis that subjects w i t h  high 

RC and/or RRC, bhtmaeterized as "labile," would show sfgrsfff- 

crsmtly poorer perform e under stress on various tasks t h m  

subjects c h ~ r a ~ t e r i z e d  as "stabile," %.e., low RC and/or RRC. 

This  then, is the major thrust  of the present study. 

isas show eh ac t e r i s t i c  paeterns of rhythm%@ activ- 

i t y .  The more s t r ik ing  of these are arcadian rhythms, i n  which 

Laeey, J. I., a d  Lacey, B. C. The relationship of resting B 
autonomic ac t iv i ty  t o  motor impulsivity. In: Solohon, H. C. , 
Cobb, S., and Penfield, W. (Eds.) The Brain and Euma;n Behavior. 
Baltimore: The Williams and WilkiT-95  - 
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interna2. processes re@ l y  oeeur as i f  programmed t o  external, 

cycles, temperature, e t a )  or intern 
4 -  

processes) clocks. But, i n  addition t o  these more readily 

observable and somewhat s t r iking rhythmic behaviors, there 

are other more subtle r h ~ ~ s  whfch are involved i n  human 

behavior. 

a spontaneous diseh ge of neural elements. 'I1 He perceives 

such a fluctuation as being important i n  the? maintenance of ths 

optimum level  of central  nervous sysLem functioning i n  the 

G r a n i t  has referred t o  these "Bpontaneous activity, 

ism, and whfch en k e s  it t o  respond t o  external stimuli 

as they themselves vary i n  in-bensity. 

Both intra inter-individual differences we manifested 

i n  &he spontekneous discharges of %he various systems of the 

human organism. As ~ e m o ~ ~ t ~ ~ t e d  by Lacey and Lacey, r%n indfvi- 

may be quite stabile is electrodermal activity, and at the 

stme tfma be P a b i l e  in heart rate beat o r  electroencephslogr 

responses. L ~ b i ~ i t y  i n  one response system does not neeessewrpiEy 
2 e l a b i l i t y  i n  other ~ y S % e ~ s ~  

I n  addition t o  the s ~ ~ d i e s  of L ey m d  Lacey, there h 

been. other ~ t ~ d i ~ s  th e t o  th i s  problem, Malitno and 

ass found Z;h h i a t r i c  patients demonstrated greater 

f l i t y  than other patients . 3  Uhlenbruck 

CCPawlft, R. and sensory perception. New €&wen, 
corn.: Yale 8, 1955. 
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reported that he could induce a response to "psychic" atimu3.l 
only in subjects who were labile (%.e. those who showed a high 

e of spontaneous activity).' There have been a large 
number of studies that relate spontaneous fluctuations in elec- 

trodermal activity and other physfological, Mctions to measwe8 

of habituation of the orienting response.2 This study is con- 

cerned with the validation of Pluctu$ttion in hewe beat rate, 

with the validation of the rate of change and rate of rate of 

change parameters. 

In the present study, the following four major hypotheses 

were tested: 

1. Individuals characterized b y , , g h  rate of change (RC) 

of heart beat rate under non-stress conditions will 

Uhlenbruek, P. Plethysmographische untsrsuchungen am mens- 
chen. Die spontanschwankungen des extremitaten and der einflus 
der atmung anf dasselbe. c Z. -', Biol 1924, 80, 317-342. 
* See: 

A. Corah, N . ,  and Stern, J. $Lability and ad&p%tjation of 

B. tin, I. A note on reflex sensitivity and formation 

C. Johnson, L, Spon-usTtosc activity, autonomic 

some measures of eleetrodemal activity in Children. 
~ s y c h ~ ~ .  1963, 65, 80-85. 
of conditPona3. response. Behav. res. Ther., 1963, 1, 185-190. 
reactivity, m d  adaptation. 

- J.  ex_^. 

RJ&. 62-7, U.S .  Navy Med. Newo- 

An investi- 
7- Res. Unit. , San Die$o, e a .  ,-1962. 

SEn,-Stewart, M., and Winokur, G. 
some relationships between various measures of the 

Stern, J., Wlnokzr,+mT., asld Graham, F. 
galvan9c skin response. J. sychosom. Res., 1961, 5, 215-223. 
Altelations in physiological means durjtng experimentally 
induced attitudes. s chosom. Res., 1961, 5, 73-82. 
Electrodermal conditioning: Some behavioral correlates. - J. - nerv. 

system. 

E. 

F. Stern, J., Wino J *  %g--c; UT, S E a r t ,  M., and Leonard, C. 

- Dis. , 1963, 137-486. 
ern, J. Stability-labillty of physiological response - Ann. - N. - Y. --.Lc Aead. -c'3 Sci 1966, 1018-1027. 
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. .  

2. 

3. 

4. 

perform more poorly under conditions o f  stress 

on three leveltii of tasks, respectively, taken from 

a psychomotor to cognitive continurn of complexity, 

than individuals characterized by low rate of change. - 
( A  = .05) 

8 charaeterized by high RC under streas 

conditions will perfom more poorly under conditions 

of stress OM three levels of tasks, respectively, taken 

from a psychomotor to cognitive eontinm of' compPexfty 

=khan indf~id~a~s characterized by 31 law rate of change. 

(A = *05 )  

~ n d i ~ ~ d u ~ ~  characterized by high rate of rate of 

chenslge of heart beat rate (RRC) under non-stress 

conditions w i l l  perform more poorly wrder conditions 

s on three levels of tasks, respectively, 

taken. from a psychomotor to cognitive continan of 

~ o m ~ ~ e x i ~ y  than indjlviduoals characterized by __. low 

e of change. ( A  = .Os) 
aeterized by high RRe: under stress 

~ ~ ~ ~ ~ ~ ~ ~ n s  wfl% perform more poorly under condiltions 

of" stress on three levels of tasks, respectively, 

psychomotor to cognitive continurn of 

c ~ ~ ~ ~ x ~ t y  than itaidudls eharaoterized by .---- Low 

RRC. (A = .05> 
a 
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AI? OVERVIEW OF THE STUDY 

The experimental procedures devised to explore the hypotheses 

presented in the preceding pages are somewhat complex. 

presented, (in an overly simplified manner) at this point, so 

that when Ehey are developedlater in depth, their relationship 

They are 

to the dverall desi& of the study will be more evident. 

A group of subjects was secured in accordance with a number 

of stringently imposed criteria. Following final selection, each 

subject then was subjected to the experimental procedures on 

each of two successive days. On the first experimental day, 

rate of change of heart rate and rate of rate of change of 

heart rate measures were obtained. In this session the subjeet 

performed the perceptual,. moeor and cognitive tasks under non- 

stress condit&bns. Then, the subject's feelings in regard %o 

the experimental situation were assessed, and a sample of urine 

obtained for catecholamine determination. 

Qn the sacmd exparSmenta3. day; -i;he.-subj.ect was sub&xzt;ed to 

both physiological and.psychologica1 stress. 

and rate of' rate of change af-.hmxt rate meElEiures xere again 

secured, and the three expermental tasks were repeated. Then, 

in order to demonstrate khat the subject reacted to the stress 

situation, his feeling state was again measured, and a post- 

stress urine sahple obtained for ca$echolamine ean+lysis. 

The rate of change 

The experimental procedures are awmmczrized in Table 1, w d  

then they are preseqted in detail in the following pages. First, 

the technique for the determination of the rate of change and 
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rate of rate of' change indexes are outlined. 

teristics of the perceptual, motor, and coefnitiv@ tasks are 

detailed, Third, the manner in which the physiological imd 

Second, the oharac- 

psychological stresses were induced is presented- Fourth, 

the procedures for the selection of subjects, and the m m e r  

in which they were categorized as "stabile" or "labile" subjects 

is discussed. 
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TABLE 1 

OUTLINE OF ~ P ~ I ~ ~ ~  PROCEDURES 

OPERATIOB 1 

Subject Selection 

Phase 1: Initial Screening 

Phase 2: Evaluative Study 

OPERATION 2 

Experimental Manipulation I, Non-stress Session 

Rate of Change Measures 

Perceptual, Motor, and Cognitive Tasks 

Subjective Peeling State Assessment 

Catecholamine Determination 

OPERATION 3 
Elrperimental ManLpulatioq 11, Stress Session 

Stress Sftuation 

Perceptual, Motor, and Cognitive Tasks 

Rate of Change Measures 

Subjective Feeling State Assessment 

Catecholamine Determination 



9 

TEE RATE OF CHANGE ERS 

The rate of change (RC) index, which is a, me ure of how 

variable the heart rate beat is from one beat to the next, and 

the rate of rate of change (RRC) index, which is a measure of 

the degree to which the rate 00 change itself chmges, the 

independent variables of” the study, are relatively new approaches 

to the measurement of heart functions, Methods of determining 

these indexes, as well as suggestions as to their application 

to physiological and psychological data, have been presented 

by Townsend and Lindsey. 1 

The rate of change index of heart beat rate is determined 

by first obtaining a measure in terms of beats per niinute, for 

each successive heart beat in a given time zrme (instwtaneous 

heart rate). 

susceptible to statistical manipulation so as to yield an index 

of“ rate of change for a given subject. 33uk he no%es that even 

though the possibility of arriving at an index by applying the 

techniques of differential calculus to the data seems to be 

Townsend points out that these data then are 

desirable a% first glace, that the only part that may legfti- 

maeely apply to such a procedure Is the basic concept of using 

’ See: 
rate of rate of change of physiological data and the de-bemim- 
Lion of their statistical significance Uinpublished Paper, Spaee 
Medicine, NASA Headquarters, Washington, Do @,, 1965. 
evalueztion of rate measurements in the a;n lysis of sp 
datao - Multo *- behave Res 1.967, 2, 63-70~ 

(a) Townsend, J. C,  The measurement of rate of change atid 

(b) Townsend, J. C,, axid Lindsey, J, Fo Determination and 
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the technique of differentiation in the production of rate of 

change and rate of rate of change inforination. 

As Townsend states, the heart rate itself, from one point 

of vtew, may be assmed to be a first differentia$, but for 

the purposes of the present study it m y  be treated as basic 
data. He then proposes that the first differehtial, or the 

first set of differences, be calculated, 

by subtracting the second heart rate from the first heart rate, 

the third from the Gecond, and so on for each of the heart rate 

measures within a given experimental time frame during which 
the heart rate measures are accumulated, Then, these differ- 

ences are added without respect to algebraid signs, since 

interest is only In the rate of chmge and not in its direction, 

This is done simply 

The sum of the differenaes is then divided by the toea2 number 

of differences, yielding %he mean rate of change f o r  the sub- 

ject;,. This, as Townsend polnti out, may be consitlered in 
terms of caJ,culus, as a non-direebional derivative. 

The rate of ra$e of chan4e index is deriyed by calcdat- 

ing the second differentiql of" the set of differences. The 

second rate of change score is subtracted from the first, the 

third score from the second, and so on f o r  all of the rats of 

change measures within the given tine frame. se are %hen 
smmed, again without regard to sign, and then the sum is 

divided by the total number of rate of rate of cbetnge measure- 

ments, This ratio is then the mean rate qf rate of change 

index for the subjects. 



Townsend states that many other techniques were cons39dered 

before concluding d was the best, These imludetd: 

variability of the 

too insensitive to RG data), the 

measure the area under the ewrve 

ard deviation (which was fowld to be 

set of integral calculus to 

(which proved to be too 

plex a process), FQwier's analysis, the use of a power spec- 

trum, and trend a,nalysfs. Townsend found that none of these 

proved to be as valuable as the technique of calculating the 

mean of a differentfa1 in producing RC and RRC informtion, 

The basic data for calculation 0% the RC and RRC measures 

were secured by means of the techniques described in $he follow- 

ing paragraphs . 
First, the heart wave was recorded by means of a stsRnd 

The Sanbom electroeardiograph (the Viso-eardiette model). 

machine was modified so that the standard paper speed of 2 

per second could be ealibraked for each subject, Standard 

placement of the EKG electrodes was used, and the heapt wave 

was recorded from l e a  #2. Each subJeet was required to r@c$ine 

quietly for  a lfs minute period before the heart record was 

seeured, and was not permitted ta smoke, 

Second, the distance from each pulse point to the nex% 

was mea&wed to the nearest -2  mm. by means of a eomparator 

providing f o r  full 6 power magnification, 

fitted with an etched glass rather than with a film reticle, 

ThSs eomparator was 

which, due to its resistance to bending or warping, ensured a 

higher degree of' accuracy of measurement. 
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Third, t h i s  distance w a s  then qonverted, by means of s 

conversion table, in to  heart beats p0r minuee, wh 

the basic measure of instantaneous hea beat rate?, 
- 9  

Fourth, the ra%e of change index w a s  eglculatsd by sub- 

t ract ing each heart rate! from the! pre ing heart rate, ism- 

m 

ming the differences without regard t o  sign, and dividing this  

sum by the t o t a l  number of differences summed. 

Fif th ,  tbe r a t e  of rate of change index was calculated by 

subtracting each ra te  of changp measure from fha preceding 

measure, summing the differences without regard t o  sign,  and 

dividing the sum by the t o t a l  number of differences summed. 

The t i m e  frame fo r  purposes of the experiment was a t w o  

minute period, m d  a l l  heart basts during t h i s  t i m e  frame were 

ut i l fzed i n  calculating RC and RRC indexes. 

h 



* ^  

THIE EXPERIMEmAL TAmS 

The dependant vari 188, with which the rate of change and 

rate of rate of change indexes of heart beat rate were related, 

were three measures of task performance, differing widely as to 

psychomotor and cognitive levels of eoraplexity. Several con- 

siderations entered into the selection o f  the tasks. On of 

these was the desirability of seleoting tasks whieh did not re- 
quire an extensive pre-training of the subject. Another mador 

consideration was the possibility of choosing tasks which 

approximated, in terms 00 the basic processes involved, many of 

the tasks that might be requlred of astronauts in orbital spaee 

flighP;, Also, it was mandatory that the tasks selected not be 

dependant upon previously learned skills of the subdect. And, 

of' course, it was required a lso  that the tasks possess the 

requisite degree of" reliability and validity. 

Following an extensive task screening and review proeess, 

the following three tmes of tasks were selected: 

(1) A sensory task, involving visual seaming 

(2) 

(3) A cognftive task, involving abilities to manipulate! 
A psychomotor task, involving tracking 

thought pracesses into new organization and assoe- 

iations and to assimilate highly novel material 

Each of these experimental tasks is presented in detail in 

the following pages. 
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The task used to a88ess the patteknrs of perceptual response 

was a visual task based upon a modifieation of the Lecllnique 
originally described by Brown and hie; co-workers,' For pur- 

poses of the present study, a sheet of aluminum was carefuSl;y 

formed to a precise curve, being conistrueted so as to be m &rc 

of a circle with a radius of 5 feet, 

In the center of the arc was placed a white jewel, behind which 

was a white 6 ~ 5  watt lamp (G. E, Lamp #605) powered by an 
input of 6.3 volts, 

three similar white jeweled lights were mounted. 

tended visual angles of 4 degrees, 16 degrees and 24 degrees, 

and were placed on the setme base line, Three inches above the 

It was painted flat black, 

On either side of this center white light 

These sub- 

canter white jeweled light a green jeweled l i gh t  was mounted 

(G, E. Lamp #45). 

A moveable chair, capable of being tilted almost to the 
horizontal position was placed in front of the apparatus, so 

that the center jeweled light was at eye level and 5 feet; from 
the subject, Fastened to the arm of the chair was a telegraph 

key by means of' which the subject responded, 

which controlled the presentation of and response to the 

stimulus, was placed in an, adjacent room, so that the subject 
would not be distracted by its operation or react possibly to 

secondary cues , 

The apparatus 

Brown, J. S., Bilodeau, E, A, ,  and Baron, M. R. Bidirectional 1 
gradients in the strength of' a generalized voluntary response t o  
atemuli on a visual-spatial dimension, I J. exp. Psycholo, 1951, 
41, 52-61. 



The subject w a s  not told the e nature of the experfme 

The instruct  s which he was given wer 

"Look dA..r@Ctly ahead Of YOU. YQU W i l l  

li@t come an. 7 As quicklq 

green l i gh t  comes on, push do 

it depressed, 

mder the green l igh t ,  release the key 3_ as quickly 

- as possible. Also, you are t o  release the key i f  

the green l i g h t  goes out. It i s  important that 

you do t h i s  j u s t  as rapidly as E possibly can, 

How, remember, when the green l i g h t  comes on, push 

down on the key as fast as you can, Mold it down 

un t i l  a white l igh t  direettly under the green l i g h t  

comes on, or  i f  the green l i g h t  goes out, then 

release it 'immediately, 

that you work just  as fast as ;you possibly - can. 

Do you understand? 

Thus, the impression w a s  given t o  the subject tha t  the task 

When a white l ight  comes on d i r e o t l y  

-- - 
--- - - - 

- 

-- It is extremely important 

- I__ --- 

was one of reaction time, whereas in  essence it w a s  concerned 

\ 

w i t h  determination of the frequency of false responses made by 

the subject t o  the peripheral lights. 

A total of 1.66 trials was given, F i r s t ,  a ser ies  of 20 

cenBer l ight  trials w a s  presenf;ed. Then, each peripheral l i g h t  

was presented 5 times i n  a randomly determined manner, each 

being preceded by ei ther  3, 4, or 5 center l ight  trials, which 

were also randomly determined. Each l igh t  flashed f o r  a period 
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.01 secondsfo The in t a r - t r i a l  t i m e  in terval  was i n  evarg ins twce  

LO seconds, Th i s  procedure w a s  controlled by a par t ia l ly  auto- 

mated apparatus, and each subject received an ident ical  task 

program. The order of presentation o f  the l igh ts ,  together a t h  

the varying t i m e  in terval  between Che green and whlte l igh t  

presentation i s  summarized i n  Tabla 2, The l i g h t s  are numbered 

from l e f t  t o  right, and the center light i s  number 4. 

Lacey and Lacey, i n  a stimulus-generalization experiment 

have used a similar task i n  investigating cer ta in  aspects of 

resting autonomic ac t iv i ty . l  

the peripheral l i gh t s ,  and Lacey and Lacey s t a t e  that the fre-  

$ubjects respond erroneously t o  

quency of" such erroneous response is  an inverse function of 

the s i z e  of the visual angle subtended by the peripheral posi- 

t ion of the l i g h t o  

of stlmulus-generalization i n  the spatial dimension, and tha t  

They believe that t h i s  is an empirical form 

the ac t  of erroneously raspondirzg i s  an integrated sensorimotor 

ac t  involving both reeepto-cortieal mdf cortical-effector activ- 

i t i a s ,  Laeey and Laeey poine out that the re la t ive  importance of 

lyzed i n  terms of what they call  the "generaliza- 

t ion  gradient," Their findings indicate that the frequency of" 

erroneous responses decreases as the subtended visual angle of 

the l igh t  Increases (as the l igh ts  approach the periphery o f  

the arc). Therefore, i f  false responses occur due t o  defecttm? 

y, J,, and Lacey, €3. C. The relationship of resting 
ic-wctiv.ity to motor impulsivity. In: The brain and 

humw,n bsh&vior, Ha C. Solomon, S. Cobb, and W.TZFnT'EfEX F s . 1  
m a m s  and Wilkins Coo, 1958, ppo 144-209. 
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sensory discriaination associated with hei6htaned receptor- 

cortic.kEl, readinesa ta reaet, then t shouZd be Q negative, 

correlation between the heights and the "slo @eft of the response 

gradient, The, frequency of oceurence, as Lawy and Lacey point 

out, should be associated with "fler;t" gradient%, in which the 
peripheral placement of the light does not have a sharp effect 
on the ratio of' falge responses to a given light, This rela- 

tionship, in the study completed by &&cay rand Lacey, was not 

found to hold. 

The Psychomotor Task 

In m a y  studios psychomotor performances haye been assessed 

Two basic variations of thirs teeh- ' by means of a tracking Bask, 
nique have been utilized: campensatory and pursuit tracking. 

A typical example is the rotary pursuit task, presented by Melton, 

which was developed for the Army Air Force.' In the present 

experiment motor funct3ons were assessed by mesang of a target- 
pursuft tash;. ,The specific instrument employed was the new and 
improved Marietta Illuminated Target Pursuit Apparatus (Catalog 

Number 5-100).2 

wide range in both variability of target movement (4'' to 6" 

radius) and in target s i z e  (3/W to 1"). It employs a rotating 
light source housed underneath a top panel, whiah projects Q 

spot of light onto a, translucent fiber glass top, m d  this 

This apparwtlurs is designed so as to present a 

Melton, A. W. (gd,) W F t u s  tests. Washington, D. C . , U .  S q  

Marietta Apparatus Ca., Marietta, Ohio, U.S.A. 45750. 

Govt .  Printing Offioe, 9 7, (AAF -t. Psycholo. Prog. res, 
Rep. No, 4). 
* 
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luminous spot t h  becomes the Oarget %hat the subject i s  required 

t o  t rack, .  The targ mbly is  housed i n  a @eta1 cage, 1% 

includes: a 60 r . p .m,  motor, a phdtacsll a rnpl i i i  

target buzzer, which may or may not be employed by the experimenter. 

The probe, by me the subject tracks the moving l igh t  

target ,  consists of a l uc i t e  light-pipe and photocell assembly 

of adjustable sensit ivity.  The pursuit  apparatvs was connected 

, and an on- 

t o  a l o w  current impulse counter (Marietta #24-25), which recorded 

the number of times the subject h i t  the target  (HIT).  

e o k t e r  was capable of being activated by a cantact of only 2 

T h i s  

mlXli-seconds duration, and ha4 a maximum rate of operation of 

1800 counts per minute, These specifications were far beyond 

those required by the study. I n  additicm, the pursuit apparatus 

w a s  connected t o  a stopclock, which recorded the cumulative time 

t h a t  the subject maintained probe comctwt w i t h  the target (TOT). 

' 

The r&dius of the target  movement was se t  a t  3 5/8 inches, 

and the diameter of the target  s i z e  w a s  s e t  at 3/8 inches. 

The subject was instructed as t o  the nature of the task, 

and w a s  told t h a t  he would know when he w a s  i n  contact w i t h  the 

target by the sound of the buzzer. He w a s  then given a LO second 

t ra inipg period, followed d i rec t ly  by the experimental session, 

which lasted for a period o f  two minutes. 

Three indexes of performance were seeured for each subject: 

(1) T o t a l  t i m e  on target  (TOT) 

(2)  T o t a l  target  h i t s  (HIT) 

(3) T o t a l  t i m e  on target  divided by t o t a l  number of 

target h i t s  (TOT/HIT) 
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m e  Cognitive Task 

Cognitive functiona were assessed by means of the Obscure 

F i m e s  Test, Form lo This test was devised by McReynolds and 

Acker, and was first published in 1965. It is comprised of' 

40 drawings, which SM general &re quite ambiguous. The subject 

is required to treat these figures as stimuli, with the instruc- 

tions to make a response that is as ""cZever, unusual and imagi- 

native" as possible. MeReynolds and Acker state that the Obscure 

Figures Test is designed so as Lo measure the individual's 

tendency to be innovativq, They define innovation as the process 

of "forming novel concepts, ideas, and products," and view the 

innovative person as "one who seeks novelness, newness, different- 

ness, who is inclined to see and to conoeive o f  things in unusual 

and original ways, and w h o  is able to modify or elaborate the 

usual so that it becomes different and novel." Thus, the tes% 

is designed so as to assess the iqdfvidual's capacity to be 

innovative, and is to be regarded as EG measure of cognitive 

innovation. According to Baker and McReynolds, thie is the 

process through which the individual alters his structure o f  

reality in order to include new data, in terms of' whiah "inpu21" 

data are processed, It is a %ype of restructuring, which has 

McReynolds, Po, and Acker, M, The Obscure Figures -' Test -- Form 1. Manual - for ad nisCration and scorin Behavioral 
Research Laboratory, Veterans Administra ion Hospital, Palo 
Alto, Califwnia, Research Report Bo. 34, 1965, 

Acker, No, and McReynolds, Po The Obscure Figures Test. 2 
An instrument for measuring cognitive innovation, 
Skills, 1965, 21, 815-821, 

-+ 
Percep. - mot. 
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two major functions. Firsf;, it aids in the assimila'tion 00 

perceptual material which otherw%se cannot be integrated; and 
second; it maintains perceptual variability and novelty 

optimum level. Thus, cognitive innovation assentlally is 

Concerned with originality, imaginatton, apd ingenuity, aMd 

so consists to a large degree %n the development of new ways 
of dealing with input data, 

Acker and MeReynolds have reported upon the relie&bility o f  

the test scoring system.' 

50 subjects, that the correlation between total scores obtajned 

independently by two scorers was .go. For an additional saaple 

of 43 college students it was ,85. 

prophecy f o r  a test of doubled leng%h (since there are two 

independent scorers) is applied, then the reliability of soor- 

ing, when the scwes of the combined valves obtained by the two 
raters are used, becomes, in the c&se of the two preceding 

studies, .95 and ,92 respectively, 

They report that, in one sampla o f  

If the $pearman-Brown 

The foLlowing method of admznistration of the test was 

employed, The subject was given the folXowing instructions: 

''Ob the sheets following this one, you will find 

a number of figures %hat could represent a 

variety of things, Your task is to write! in the 
__c1------ 

blank corresponding to the figure on the answer -- , , , ,  

sheet something you think that figure could be, 

The drawings purposely are vague and indefinite, 
- 

Ibid, 



and there are no sp i f ie  things they repre- 

sent. In  other words, there are no right 

or wrong answers. 

Start a t  Fi$ure 1 and go through thew i 

order, without skipping aroUnd. If you ocme 

t o  a figqre and you Carnot think of some+thing 

tha t  it might be, write 'nothing' i n  the 

blank, and go on, TRY TO G I V E  AS CLEVER OR 

lI3WJSUA.L A. RESPO@SE AS YOU CAN -- but not 

* one that i s  ridiculous -- it should be possi- 

ble t o  imagine your answer from looking at 
the drawing, Just  be as imaginative as you 

can -- you get extra c red i t  for being crea- 

Work as fast as you can, and when you 

have finished, close your booklet, so that X 

know when you are done and can record your 

t ime e '' 

t ive ,  - 7 - _c 

When the subject inaicates that he has finished the task,  the 

t i m e  is  recorded. 



There is a;n abundance of exgmr$men$s which show that per- 

tor Basks Is diarvpted under Oomnance on cognitive @nd psych 

stress.l 

varied wtdely from one? experiment t c t  another. For purposes of 

the present study two types of stressors were utilized, 

first was a physiological stressor. Thi$ w&s the Chree; of 

The types of Zstress u%iliead in 8lpb atwdieas h&Ve 

me 

elecW3-c shock. The second WE%@ a, psy@)lologf@al @lxxm3or, 

occuring as a result; of Lhs individucR1 wwking again$% s '%Pme 

to completion" limit, and the threat o f  inferior per.rfom&nce* 

In order to maximize the styess siWation, the subJe.ct wa8 
exposed to both of these types OF stress s $ m ? x J . t a m o u s l y ~  

First, the charaeteristlus of $he elrpw?imeYlr 

situation and the manner $n which it was induced wfll be 

discusse4. Then, the techniques for valid@ting fhe presenQe 

of a stress reaction by each subject included fa the final 

sample will be presented. 

For example, see: 
a. Erickson,'C. I?., and Weehsler, B. Some effects of' 

b. Lazsrus, R. S. A laboratory approaoh to the dpamfcs 

c. 

experimentally induced anxiety upon discrimination behavior, 
J. abnor, SOG.  Psychol., 1955, 51r 458-463. 

of psychological stress. 
Parsons, 0. A., F'illips, L., and Lwe, J. E. ~ 

Performance on the same syqhomotor task under stressf'ul eon8i- 

- - -  
J. _$en, Psych?$., 1963, 8, 192-213. 

tions. - J. Psyct~ol., 195 E , 38, 45'7-466. 

.. 
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* 

The Physiological Stress 

.I The physiologica stress w a s  establzshed i n  t 
detailed i n  the following par 

4 The subject w a s  to ld  at the beginning o f  the second experi- 

mental si tuation: 

"Now today we are going t o  repeat some of 

the things we d i d  yesterday, but I am afraid 

that t h i s  asession w i l l  not be as pleasant 

an experience for  you. F i r s t ,  l e t  us put 

of' the electrodes so  that we ean monitor 

your heart reaction. 

MOW, we are going t o  put on Some other elec- 

trodes on your leg,  These electrodes serve 

(Attach EKG electrodes), 

quite a different  function. Their purpose 

i s  t o  give you an e lec t r ic  shock tha t  you 

w i l l  find t o  be very unpleasant. The shock 

w i l l  be quite painful, 

The first thing that we are going t o  do 

i s  t o  determine what you think i s  a painful 

e lec t r ic  shock. Now, I a m  going t o  give 

you a ser ies  of e lec t r ic  shocks. They w i l l  

start a& a relat ively low level  m d  Sncrease 

In  intensi ty  as we procrede, 

You are t o  use the key on the am of your 

ahair. Ifhen you fee l  the f irst  shock, press 

the key. -- Do not press the key after &y of' 
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the other shocks u n t i l  you fee l  that the 

shock you receive i s  defini te ly  mcom- 

fortable, m d  very wpleas . There is no 

need t o  be completely store,  but I would 

to know when you fLnd  t 

pwinful. 

increasing intensi ty  u n t i l  the sub3ect reacts 

by depressing the key. ) 

c -  

3. 

shoe& .I;a be very 

(Administer eerie6 of shocks i n  

Now, you feel %hat the lgst shock was 

very unComPortable2 

The shock can 'be increased i n  two ways, 

F i r s t ,  the i- of' the shock can be 

increased. Sbcond, the length of tlme that 

5% i s  applied 0411 be 9ncreased. Ei%her one 

of these procedures, or both together, w i l l  
resuJ,t i n  more discamfort or pain t o  you. 

Throughout our experimental session 

today you will receive a number of e1ect;ric 

sfiocks at eompletaly random Sntervals, 

w i l l  now know when they w i l l  be given to 

you, or even know how many you wi$l receive, 

but I 

of them. Also, 1 know tha t  they w i l Z  a l l  be 

of longer duratlon and o$ greCzter iqtensi ty  

than the one that you felt '  was pa5nful. So 

%hey w i l l  a l l  be more painful. I n  SullDmary, 

you w i l l  receive several randomly spaced 

T 

know that you w i Z L  receive several 



e lec t r ic  shocks of high intensi ty  and dura- 

tion, and a l l  of them w i l l  be painful t o  yo 

The Psychological Stress 

The psychological stress w a s  produced by @haragin$ the 

instruotions given t o  the subject for  each of the experimen.ta.1 

tasks. These modified instructions aye presented i n  the 

following paragraphs 

The Motor Task 

The subject was given the Pollowing instructions: 

"Yesterday you were able t o  maintain 

contact with the l i g h t  target  f o r  a period 

O f  seconds. (The subJect i s  

gfven his  actual time on target scrore.) 

t h i s  i s  actually a very infer ior  performance 

f o r  a college trained person, 

considerably below the average score f o r  your 

Now, 

you ranked 

group, so  today 1 want you t o  rea l ly  t r y  t o  

do better." 

Wo e lec t r ic  shocks were administered during the motor task. 

The Perceptual Task 

The subject w a s  given the following inslxuctions: 

"Today we3 are going t o  repeat the t e s t  

that you took yesterday, where you were 

required t o  react as rapidly as you could 

t o  the lights. As you do the same task 



down, you w i l l  receive a paiq$vl shock, $0, 

i f  you receive a shock, you w i l l  know that your 

performance today i s  not as p o d  a$ tQat of 

yesterday , I' 

The subject i s  given a t o t a l  of 5 e laq t r ic  shocks during the 

adrnipfstratisn of Ohis task. 

trialrJ 5, 43, 65, X12, and 142. 

The Cognitive Task 

They are given t o  each subJect on 

The Obscure Figures Test, which was used t o  determine cog- 

n i t ive  fqc$ioqing, was administered i n  accordance w i t h  the 

following procedures. The subject was told: 

"Ye s t e r day to 

comple'b t h i s  t e s t ,  (Give aetu@l tsime.) Now 0 ' 

t h i s  is a long time, and it i s  not quite as 

good i s  t ha t  of' your peers. I am sure that 

you should be able t o  work much fas te r ,  

usual length of t i m e  for  subjects i n  your 

group i s  abput 5 mtnutes. $0 today I wouZd 

l ike  you to work muoh fas te r ,  although l i k e  

The 

yesterday, you w i l l  have a l l  the time you 

need t o  f in i sh  the t e s t .  You w i l l ,  however, 

s receive ' random shoeks.:whi%B ' pou: wark on it, 

so obviously the longer you Cake t o  do the 

Q 



test $he greater the risk is of raceivlng a 
painful shock. Wow, to summarize, your 
performance yasterday was. 

of your group, You shou do 

mucb better, so try and work much more 

1 below that 

rapidly today. 

random shocks the less time you take the 

less risk you take of receiving painful 

shocks Do you understand? 

Since; y ~ u  will reclelve 

The subject received a shock at Che 2 minute and 4 minute 

points 

Validation of the Stress SituatSon 

It is apparent that the particular type of stress situat;rlon 

employed was not the fwtor of prtmqry importmee for Chis exper- 

iment, Rather, what was of crucial importance was that all 

subjecks, who were supposedly stressed by the cexperimsn%al 

situation, actually stressed. Too often, on a priori 

grounds, a situation is cPeemed to be strcsssful It0 all persons, 

and so is applied to a group of subjects. But it is dangerous 

to make such an assumption, since m y  studies point out that 

what is a stress situation for one person need not be stressful 

f o r  another.l What primgwily was of importance to establish, 

Lazarus, R. S., Deese, J., and Osler, SI F. The effecOs of 1 
psychological stress on performance. 
293-317 

Psychol. Bull., 1952, 49, 



$hen, waa not Itha$ the group of subjscts as a whole Qhowed 

evidence of bein& stressed, bgti th&t h 

stressed. Therefom, it waa neowsuarf. that 

be developad and applied so.&@ t o  fsns 

the case, 

Berrkun, Pallowing examipa+ian of $he published l i t e r a tu re  

09 st ress ,  q i s~uss ioq  w l t h  miLiOary egnbiul$an%@, apzd his  own 

experimentation, has s i t  for  

mental stressful situations,x These incluae: (1) mbjective 

feelings of d#.stre@q by the subJaet, and (2)  gndications e i ther  

i n  the blood or urine of a disruption i n  normal bodily processes. 

These two validating c r i t e r i a  of s t ress  wem employed i n  the 

presenk study. 

Subjective Feelings of' Distress 

opepational cri$beria f o r  experi- 

The: affec'biire reaction of thb subJect 2;o the  sI;r@ss situa- 
II t ion  was evaluatpd by means of Ithe "8ubjwtive St;ress Scale. 

This  s-caze was devised by Kerla &ncI Bialek, w i t h  the first 

form of the scale being published i n  19fj8,* The scale is  an 

equal-appearing-interval "hurs'tone scale of 15 words, o r ig i r  

nally sorted into 11 categories by samples from the Army popu- 

la t ion  t o  which it*was fir& apa$$ed. 1% is, %hen, s ser ies  

mti ta t ivel ,y  scaled words that indinate affect ,  and which 

0. 

Berkun, M. M. Performance decrement under s t ress .  Human 
Fwtor s ,  3,964, 23, 22-30. 

2 *  Kerle, R. H*, md pilalsk, E. M. 
and Application of a Subjective $tress  Scale. 
February, 15358, United States Army Leadership Human Research Unit, 
P r e s i d i o  of Mcmterey, California. 

The C.onstruction, Validation 
Staff Memorandum, 
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extend from positive through neutral 

The subject is required to select fr 

one word which closest cate his feeling state at the time 

of the experimental session. The scale was designed so tha, 

neutiral (or  the middle point) on the scale is the word "Indif- 

ferent." 

positive-affect end of the continuum is represenked by the word 

"wonderful," which has a scale value of 00. The most negativa- 

affect end of the continuum is represented by the phrase "scared 

stiff ," which has a scale value of 94. 

This is assigned a neutral value of 48. The most 

In a later study (1958) Berkun, et al. demonstrated that -- 
the scale had a high degree of value In assessing the emotioqal 
responses of the subject to eeternal environmental events.l 

The Subjective Stmess Scale continued to be used in the 

original form until 3.962, when Berkun, et al. published a 
revised forme2 

ble" and "In Agony." 

to in terms of physical distress {such as headache and/or 

insomnia), rather than being responded to in terms of the 

-- 
The original scale contained the phrases "Terri- 

Lt was found that; these were responded 

emo.t;ional event to which the subject was direcCed to respond. 

Therefore, the authors deleted entirely the phrase "In Agony; '* 
and for the word "Terrible" they substituted the word "Panicky, 'I 

Berkun, M. M., Timeras, P. S., and Pace, W. Psychological 
and physiological res onses is observers of an atomic test shot. 
Psychol, Rep., 1958, 1, 679-682. 

Berm, M. M., Bialek, H. M., Kern, P., and Yagi, R. 
Experimental studies of psychological stress in man. Paychol. 
Mono. '* J 1962, 76, No. 15. 
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The list of words i s  presented to the subject in a scrambled 
order. Berkwn, et &3. state that they do not Feel an altern- 

ative or equivalmzk form of the scale iq necwsary. 

revision of the $rxbjeetim Stress Scale was us 
study . 
Pisruption of PhysiOlogicaZ Procsssses 

-- 
The 1962 

in the present ' 

There is ample svidsnqs to indicate tMt stress signifi- 

cantly affects tha adrsnomedullary sy&em. 

may be considered a s  a complex multiple endocrine organ con- 

sisting of' tw9 ma;lor atmctures, First, them is the adrenal 

cortex, which is asgocfated with the elaboration of a number of 

steroids. Second, there is the medulla, which differs in its 

origin from the cortex. The cartex is derived from glandular 

The adrenal gland 

tissue, while the medulla oyigiwtes from neural tissue. 

ConsequenWy, the medulla i s  e2osely related to the sympathetic 

nervous system. 

Two homwnes are seureted by the adrenal medulla. These 

are: epineplwine and nor-epinephrine. Bo2;h of these are amines, 

and are relatad to "catechols. I' Baoause of these relationships, 
ri they are referred to, in toto, as "catecholamines. 

It has been est;a'blished that a portion of the! adrenal 

medullary hormones to$@%her wi*h their metabolites is excreted 

in the urine. Therefore, through a;pp%ying bioassay techniques 

to 8b urine sampXe the state of adrem$l-medullary functions 

may be dqtemined. Thus, the changing levels of cateaholamines 

in the3 urine iqdicate change in activity o f  the adrehl gland. 
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Stress has been shown to result in an Increase in 

urinary excretion of catecholamines .I 

also found that there is a significant increase in epinephr 

Franke 

exfXetion fO~lOWiW3 S'kt-esS. * Graham, -- et al. concluded that 

avoidable threats of electric shock which produced anticipa- 

tory stress reactions resulted in increased epinephrine excre- 

tion Values (29 ng per Pe-rinen, et al, found 

that students being examined for admission to medical schools 

showed marked increase in epinephrine excretion, and that 

similar results were found for other types of examination. 

- L _  

4 

Of interest is their finding despite the rise in epinephrine 

excretion, there w@s no rise in nor-epinephrine nor in 17-OHCS. 
These findings are supported by additional studies, such as 

those of the stresses resulting from manned space flight. 5 

1 von Euler, U. S. Quantitation of stress by catecholamine 
analysis. - Clin, pharmacol, -* Ther 1964, 5, 398-404. 
* Frankenhaueser, M., and Post, B. Catecholamine excretion 
during mental work as modified by centrally acting groups. - Acta. Physiol. Scand., 1962, 55, 74-81. 
3 
Ne 
behavior in human conditioning studies. 
25,  488-489 (abst.). 

Pekkartnen, A., Castren, O., Iisalo, E., Koivusalo, M., 4 
Laihinen, A., Simola, P., and Thomasson, B. The emotional 
effect of matriculation examination on the excretion of adrena- 
lin, nor-adrenaline, 17-hydroxy-corticosteroids in the plasm. 
Biochemistry, pharmacolo y, and physiology, New York: - 
Pergammon P r e s d 1 , Z .  117-137. 

Knoblock, E. C., and Graybiel, A. Results of preflight and 
postflight medical examinations. Proc. Conf. on Results - of 
First 7 U. S. Manned Suborbital S p a c e ~ g h ~ m ~ 6 9  lgbl. 

Graham, L. A., Cohen, S. L., Shmavonoian, R. M., and Kirshnsr, 
Sympathetieo-adrenal correlates of avoidance and escape 

Psychosom. x., 1963, 

Jackson, C. B. , Jr., Douglas, W. K., Culver, 5. F,, Ruff, C., 
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The copclusion moly be dram that conditions of stress are 

aocompanied by an increase fn the secretion of ca-trecholamines 
in the urine. 

A review of the available literature reveals that the 

urinary secretion o f  ca%@cholsmin@s is affected by factors 

other than stress. 

of importance in this regard. These are: 

There are three major conditions that are 

so that the 

readings be 

securing of 

the subject 

Vigorous exereise prior to securing the sample 

of urine, which will greatfly tncrease the 

catechalamine excretion, 

Disease proCeasRts, nuch as myasthenia gravis and 

progressive muscular dystrophy, which also increase 

catecholamine excretion. 

The effeot of drugs, which elevate the catecho- 

lamine excretion. This is particularly true of 

all medications which serve to inorease production 

of' fluorescent urinary products, 

include such drugs as: drugs of the alpha 

These would 

methyldopa configuration, tetracycline, large 

amounts of the B vitemin complex or any 

adrenaline-like derivative. 

important, therefore, that controls be instituted 

possibility of' spuriously elevated catecholamine 

reduced. The effect of exercise prior to the 

the urine specimen was controlxed by the fact that 

engaged in little (almost none) physical activity 



1 See: 
a. Sobel, C., and Henry, R. - Am. - J. - clin. -*) Path 1957, 

27, 240-245. 
b. von Euler, U. S., and Lishajko, F. - Acta. phgsiol. 

SCmd., 1959, 45, 122-132. 
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for a period of approximately three hours before the ur 
sample was obtained. The 

were controlled by reviewing the 

and eliminating all s 

The urine sample for determination of c 

tion was secured in the following manner. 

1. 

2. 

3- 

Immediately upon arrival at the laboratory the 

subject was instructed to void urine. 

Each subject then was given eight ounces of water 

to drink. 

At the conclusion of the experimental session the 

subject %hen was required to void into a urine 
specimen jar, into which had been placed an acM 

preservative. 

Identical procedures were followed fgr securing the urine sample 

on both experimental days. 

Thus, a 2 hour urine was collected with 2 m l .  of 6N HCL. 

This served to maintain the specimen at less than pH 2. The 

catecholamines were found to be stable for 4 to 5 days at room 

temperature and at least for 1 month when refrigerated. 

The procedure followed for determination of chtecholamines 

was the method of the Sobel and Henry Bioscience Laboratory.Z 

c .  Bertler, A. CtwlEsson, A., and Rosengren, F. _eL Acta. 

d. Jacobs, S,, Sobel, C., and Henry, R..J. - -  clin. endoerin. 
physiol. Seand., 1958, 44, 273-292. 

-* Metitb ' 1961, 21, 303-314. 
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SEZECTIOPT A ~ J D  C A T E ~ O ~ ~ Z A ~ I O ~  OF 

The subjects of the study were obtai oolleges and 

universit ies throughout the state of Virginia. They included 

students from the Medical College of Virginia, Richmond Profes- 

sioml Ins t i tu te ,  the University of Richmond, the University of' 

Virginia, and Virginia PoLflechnie Ins t i tu te .  The process of 

subject selection w a s  dzvided in to  three major phases: 

(1) Phase One: I n i t i a l  Screening 

(2)  Phase Two: Evaluative Study 

(3) Phase Three: Experiment&X Manipulation 

Eaoh phase i s  discussed i n  detail  i n  tka following paragraphs, 

then the chewracteristics of the subjeet group finally selected 

are summarized, and next the manner i n  which the labile and 

stabile sub-groups were formed is  presented. 

Phase One: I n i t i a l  Subject $creening 

Advertfsem@mts were inserted i n  college and unfversity 

newspapers s ta t ing  that subdects were being sought for an 

experiment. These notices stated that only mle science or 

engineering majors above the age of 19 would be eligible.  

interested persons were requested t o  contact the research 

office f o r  an application blank. When a potential  subject 

contacte8 the office, ha was told $hat subjects were! being 

sought for an experiment, but tha% he would be unable $0 be 

informed of any details of' the study un-bil it had been completed. 

All 
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Ne wqs t o l d  tha% Z t  woUd require approx$m&aly 8 ho 

t i m e ,  t o  be divided in to  thrsa sasssions. The first session would 

be bald at any sait8b3.s the, bu$ that the rmal two seasions 

would need t o  be sch@duAsd by *he F se@,rbh oPfioe iaC the s w e  

V -  

ra 

t i m e  on each of two succms$'vej days. 

that  he would be re9mbursed $os his  $ime 4t  the rate of $2.50 

per hour, but that  hs would nof receive! paymcssnt i f  he, himself, 

The @u')sjsGt also was t o ld  

voluntarily t@minateb his  p w t i c i p ~ t i o n  pr ior  t o  the completion 

of the two experimenta2 w$8ions, E& was informed tha t  ctertain 

miteria, had bean establfshad f o r  the selection of' subjects, and 

tha t  if he d i d  nat meet the! e r i t s r i s  and so was nat selected as 

a subject, that he wou3d bai,praid f~or the time that he had put 

in.  If these procedures were acceptable, he was requested t o  

complete $I personal hiqtory blank aqd a medical history blank. 

The informtion from these forms w a s  $hen reviewed i n  order t o  

determine whether o r  not the subJect met the folzowing cr i te r ia :  

(1) 

(2) 

(3 

Be of a t  least 19 years of age 

& a science or engineering major 

free from any perceptgal o r  

d i s a b i l i t y  that might interfere with 

the study* 

If tbere was doubt as t o  the acceptabil,.fty OP the medical 

histary, the subject was referred t-o the mcd9cal. c o n s a t w t  

for  deeision $8 t o  whether or no% a slgniflctmt d isab i l i ty  
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No records were &ept of the total number of persons contacted 

at this initial selection level. Some of the pe 

ing the research office were not 19 years of age, some were not 

science or engineering majors, some had signiffcant medical. 

disabilities, and surprisingly, despite the clarity of the 

announcement, some inquiries were received from females- 

Phase Two: Evaluative Study 

Subjects were screened for both SntePEeetual and emotional 

factors. The intellectual level was determined by the Otis 

Self-Administering Test of Mental Ability, Higher Examination, 

Form A. 

means of correlations between different farms of the test 

(Forms A and €3). 

was .917 $ .OOg, and when Fom B was given first the oorrela- 
tion was found to be .925 + .OOg. 
reliability measure was .92l. The values of' the probable 

~?rror of a score determined from these groups were reported 

by Otis as 2.56 and 2.68 points respeetively.1 All potential 
subjects were required, for the purpose of this study, to 

score at least at the 80th percentile. 

Reliability of the Otis 'test has been determined by 

When Form A was given first, the correlation 

The average reported 

Potential subJects were screened for significant psyehf- 

atrie and psJtehosomatfc disabilities by means of the Cornel1 

Otis, A. S, O t i s  self administering tests of mental abilit 
Mmua3, and =. ' T v m )  Mew York: HarcourtTBrace, an + World, r- 

Otis, A. S, O t i s  self administering tests of mental abilit 
Mmua3, - and =. ' T v m )  Mew York: HarcourtTBrace, an + World, 
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Index. The Cornell Zndex is a direct descendant of the earlier 
Cornell: Service Index, which was used extensively for  military 

screening. The reliability of' the index has been estimated by 

the Kuder-Richardson fomula as being .95.l This was obtafned 

by study of the records of 1000 subjects. 

jects were required to attain a score of 10 or  less on the 

All potential sub- 

Cornell Index. According to the available noms, a cut-off 

score of 10 may be interpreted as meaning that 81% of the per- 
sons rejected for psychiatric disabilities at fnterview would 

also be re3ected by the Irldex. 

accepted by the psychiatric interview, in addition would have 

Also, lS$ of those persons 

been rejected. 

If the potential subject met both of these screening test 

criteria, an@ if no further medieal or  other problem ha6 been 

uncovered by interview, then he was scheduled for the experi- 

rnen-kal manipulation of Phase 3. 

A CoLaX of 151 subjects was InitiaEly evaXuated at the 

level. of Phase 2, Of these, a total of' 27 was eliminated for 
various reasons, leaving a total of 124 subjects advanced to 

the phase of actual experimental manipulation. 

non-selection of sub3ects e summetrfzed in Table 3. 

The reasons for 

Weider, A -  , Wolff, H. G., Brodman, K., Mittelman, B. , and 
Wechsler, D. Index: I&i,nua. (Revised Edition) 
New York: Th logical  Corporation. 
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D i d  lot Follow Test Directions 1 

Medioal Disability 3 

Severe Langmge Handicap 

TOO high (2.1. Sewe 

2 

5 

Too Low O t i s  Score 4 
Voluntary Termination 12 

Phase Three: Ekperimen%aP Evaluation 

All subjects selected for pmposes of the study were 

required to show evfdenae,'-Ln both psychologteal wid physi- 

ological functions of 81 stress reaction to the experimental 

sftuation, in. accord with the previously detailed criteria. 

As pmvioue3ily s%ated, a t o t a l  SP 124 zgubjeets, who had 

met a3-P pr ior  criteria was sd to this Ofnal phase of 

the selection process, m d  subjected t o  the experimental 

procedures. 

physiological and psychologiceal fune%ione, euld so were 

Pied fu l ly  as subjects, while 44 of %hem did not do so. 

should be noted that it wa.8 neee 

subjects completely through all expsrlmerntaJ procedureB in 

order t o  determine whether or not they woUd be qualified as 

Of these, 80 met the criteria for stress in both 

It 

y to c w r y  all potential 
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subjects, since the f ina l  selection rested upon the determi- 

nation of the eh 

measures fram the non-stress to the s t r e s s  conditions. 

e i n  psychological. w 4  physiologiCal 

The Subjective Stress Scala scores eehieved 

the subjects i n  the non-stresa and stress @itu&ion@ are 

summarized i n  Table 4, In  each instance the s t r e s s  score 

exceeds the non-stress score. 

The amount of catacholmines excreted by each of the 

subjects i n  the non-stpsss and s t ress  si tuations are sumrms/rized 

i n  Table 5. I n  each instance the s t r e s s  index is higher than 

the non-stress index. 

Subject Characteristics 

The characterist ies of the final group of subjects are 

presented i n  the followbg pages. 

4dE 
The age distribution of the group of sabjects f i n a l l y  

selected are s w a r i z e d  In Table 6 .  

Intelligence 

The distributfon of O t i s  Scores ‘(by percentile) is sum- 

rnwfzed i n  Table 7. 

Inspection of the data summarized i n  1Cabl.e 7 indicates 

t h a t  72, or gO.OO$ of the subjects, scored a t  or above the 

90th percentile. Therefore, even though the cut-off poine 

was se t  at  the 80th percentile, the P%nal group of subjects 

ly achieved a t  a much higher level.  
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I.. 

Sub j . Nan- Stxess Sub j H0n- Stress 
Stress 852;FesS 

2 

4 

5 
8 

9 

10 

13 

14 

16 

17 

19 

20 

23 

24 

25 

26 

27 

29 

32 

34 

17 

40 

9 

17 

40 

40 

9 

40 

9 

17 
17 

17 

40 

9 

69 

40 

40 

27 

27 

64 

64 

69 

40 

64 

64 

69 

64 

94 

48 

76 

64 

69 

69 

69 

74 

48 

64 

69 

69 

69 

38 
40 

41 

45 

47 

49 

55 

57 

58 

60 ~ 

62 

63 

67 

70 

71 

74 

77 

78 

81 

84 

9 

27 

27 

17 

64 

17 

17 

9 

27 

74 

17 

40 

64 

17 

69 

17 

17 

17 

40 

3.7 

69 

69 

88 

64 

69 

69 

69 

69 

69 

83 

69 

48 

69 

69 

83 
94 

74 

69 

69 
64 
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115 
120 

86 

87 
88 

89 

9Q 

94 

95 

97 

98 

99 
100 

102 

104 

la8 

109 

110 

111 

112 

113 
$14 

77 

64 

9 

17 
97 

27 

40 

9 

9 

17 
40 

17 

27 

64 

40 

17 
40 

17 
48 

27 

69 74 

40 69 

40 69 

40 69 
40 64 

57 83 
17 64 

9 69 
17 64 

17 69 

64 69 

57 69 
48 64 

27 40 

9 69 

17 69 
9 40 

9 64 

40 48 

17 64 
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TABLE 5 

~ ~ ~ E ~ H ~ ~ ~  PR 10N m m  NOH-STRESS 
AVD STRES8 ~ O ~ I T ~ ~ ~ S  

(n = 80) 

Sub j . Non- Strew Sub j e Non- Stress 
Stresa Stress 

2 6.0 1.4 38 1.6 8.1 

4 1 - 5  2.6 40 .6 395 

5 1.2 1.9 41 .I 4.8 

8 

9 

10 

13 

14 

16 

17 

19 
20 

23 

24 

25 

26 

27 

l e 1  

2.4 

l,4 

1.3 

2.0 

-3 .  

95 

2.3 

1.6 
1.1 

l.0 

1*5 
.6 

1.0 

1.2 

2 * 9  

2.9 

1.4 

2.8 

97 

1.3 

2.9 

2.3. 

3.4 

2.1 

2.9 

2 = 5  

2.3  

45 

47 

49 

55 

57 

58 

60 

62 

63 

67 

70 

71 

74 

77 

17 

192 

97 

5.0 

2.6 

3 * 4  

2.2 

2.8 

- 7  

2.6 

2?3  

.8 

1.0 

1.1 

1.7 

7 *8  

1.3 

1.4 

3.6 

5 * 4  

3.0 

5.3 

3.2 

6,o 

3.5 

2.1 

3.4 

2.2 

29 1.2 4.4 78 1.6 4.1 

32 .E ,  5.5 83, 7.8 2.9 

34 .7 4.2 84 2.1 13.4 
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86 2.7 

87 2.7 
86 

89 

90 

94 

95 

97 

98 

99 

190 

102 

204 
108 

109 

E10 

Ill 

112 

2.7 

.8 

3.2 

2.3 

3"2  

6.0 

1.1 

2.8 

515 
2.1 

2.8 
2.2 

1.9 

1.7 

2.6 

3 . 1  

2.8 

5 * 4  

4.3 
7.1 

3.6 
4.8 
5 * 6  

9.5 
2.1 

3 * 6  
7.7 

4.1 

!3*e 

2.6 
2.2 

2.8 

2.7 

6.5 
10.9 

3.1 

120 2.3 
121 1.1 

3.2 

2.4 

1,1 

2 v Q  

2.5 

* 5  

2 .3  

.6 
-5 

- 9  

*5 
95 
95 

* s  
2.8 

2.1 

1.1 

2.1 

5.0 
2.2 

5.1 

2.7 

3.8  
2.7 

5*0 

1.0 

3.9 

09 

1.5 

3.4 

1.5 

1.5 

1.1 

2 . 3  

3.2 

4.2 

k .  9 
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TABLE 6 
RTBWI(X€ OF SUBJECTS 

(M = 8 

19 
20 

21 

22 

23 

24 

25 
26 

27 

28 
29 

30 

31 

29 
24 
11 

4 
2 

1 

2 

3 
0 

1 

2 

0 

3, 

TABLE 7 

~ I S ~ R I ~ ~ ~ ~ ~  OF QTIS 8CORSS 
(N = 80) 

Percentfle N 

gg-loo To 

90-96 2 

8 5  819 5 
80-84 3 



Index score w a s  orLgirnlJ.y set at 10 or lets$ 6@r pwposes of 

0 14 

1 12 

2 18 

3 9 
4 8 

5 5 
6 6 

7 3 
- 8  4 

9 3 
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dexes 

secured under non-stress and stress oonditions are; presented 

i n  Table 9. These iqdexes are preseneed fo r  the group of 80 

subjects meeting a l t h e  c r i t e r i a  of the study. 

Fom&ion of Stabile and Labile Groups 

The task, following the  accrznilulation of' the final pool 

of 80 subjects, wag t o  separate the subjects in to  s tab i le  and 

labile sub-groups aceording t o  the non-stress and sfress  ra te  

of change and ra te  of ra te  of change measurements. 

parameters are re la t ively new, there are no normative data 

available t o  ermble a determfrlation t o  be made as t o  whether 

or  not a given change index is t o  be categorized as ei ther  

'%tabfle" or  '*labile. " Accordingly, it w a s  decided t o  approach 

the matter i n  the following manner- 

Since these 

F i r s t ,  the r a t e  of c'hmge scores, and second, the rate of 
ra te  of change scores obtained f o r  eaeh subject under non- 

s t ress  eondikions were ranked, w i t h  the highest score being 

given the rank of "let' Third, the r a t e  of change, and fourth, 

the r a t e  af ra te  of change scores obtained for  eeteh subject 

under the s t r e s s  conditions were similarly ranked. T h i s  

resulted i n  four separate s e t s  OF rankings, two for  the r a t e  

of change Scores (non-$tree$ &nd stress) and two for  the rate 

of ra te  of change scores (non-stress and s t ress ) .  

highest 25s of each of these groups w a s  categorized as 

Then, the 



2 

4 

5 
8 

9 
10  

113 

14 

16 

3.7 

19 
20 

23 
24 

25 
26 

27 

29 

32 

34 

7-65 

5.37 
2.20 

2.26 

L23 
2.17 

2.25 

2,84 

1.90 

2-73 

~ 6 3  

3.11 

3.34 

2.67 

4.70 

2.11 

2.78 

2.48 

3.27 

2.22 

6.16 4.87 4.26 38 1,92 1.83 

3.75 3,40 2,71 40 2.88 2.31 

1.52 3.73 2.04 41 2.56 2.24 

1.70 2.14 1.62 &5 5.40 4.53 

4.23 3.79 47 3.69 3.24 

1.69 2-52 2.23 49 6.27 5.56 

2.09 2.89 :2 5.03 4.20 

2.31 2.76 2.18 57 2.69 2.26 

1.51 2 , 3 ~  z.68 9.03 10.32 

2.75 3.86 2.83 60 3.64 3,16 

1.35 1.29 -92 62 2.41 1.87 

2.53 2.38 1-97 63 3129 2.28 

2.11 4.06 3.49 67 3.60 3.06 

3,69 4-23 3.35 71 2.78 2.65 

1.87 2.88 1.93 74 4.18 3.44 

2,70 2.98 2.36 77 3.54 2.31 

2.05 2.16 1.79 78 4.91 4.17 

2.55 3.07 2.61 81 5.70 4.72 

2.13 4.83 4.29 84 3.52 3.11 

2.54 4.28 3.07 70 4.16 3.39 

2.42 

2.63 

2.14 

3.87 

4.09 

1-81 

5.79 
2.25 

5.38 

3.89 
2.29 

4.21 

3.51 
5.36 

3.00 

3.77 
6.47 

5*91 
2.84 

2.04 

2.35 

3.22. 

2.02 

3 . u  

3.44 

1.67 

4.23 

1.66 

4.87 

3-51 
1.92 

3.20 

2 + 7 l  

5.44 

1.71 

2.67 

3*74 

5.49 
4.89 

2-92 
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86 3.88 3.45 3.60 3.28 115 3.67 2-66 3.41 2.65 
87 3.96 3.53 2.61 2.15 120 3.58 3.06 3.2 

88 4.21 3.25 2.78 2.15 121 3.08 2.53 3.29 2.57 
89 5.47 4.33 5.33 4.72 122 2.40 2-14 2.47 2,13 

95 2.84 2-23 3.23 2.53 125 7.46 5.96 3.93 3.67 
97 3.9'7 2.88 3.24 2.82 132 4.12 3.89 3.26 2,5i 

98 
99 
100 

102 

104 
108 

209 
110 

111 

112 

113 

3.14 

10.78 
2.50 
2.45 

3133 
4.69 
4.46 
4.90 

2.82 

2.37 
4.51 
5.84 
2.64 

11.00 

2.21 

2.23 

3.04 

3.78 
4.04 

3.96 
2020 

1.92 

3.92 
5457 
2.44 

6.81 
2.94 
2.32 

2,61 

2.18 

4.57 
3.50 
3.84 
4.12 
4.43 

3.34 

4.26 

6.04 
2.29 

1.98 

3.77 
1-91 

3.84 
2.84 
3.24 

1.99 

3-13 

3.87 

2.73 

134 
136 
137 

138 
141 

143 
144 

145 
147 
148 

149 
15% 

4.54 

3.19 
9.00 

3.43 
6.23 

7.74 
1.54 
4.67 
5.18 

1.56 

1.63 
4.58 

3.77 4.84 

7.96 6.70 
2.68 2.57 

2.21 4.07 

5+1? 9-87 
7.62 5.41 
1-37 31.83 

4.54 4.44 
4.38 7.10 
1.26 2.54 

3.98 4.75 
1.35 2.10 

3.59 
2.14 

6.57 
3.63 
8.90 
4.47 

1.50 

4.34 
6.67 
1.93. 
4.43 
1.68 
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&nd the lowest 25 

I n  t h i s  manner it was fe l t  that overlap between the Sub-grouPs 

of each group was eatagorized BS 'stabile. 

would be m i  zed, reaultiqg In reZatively aore s. 

Table 10 swnrmarizes the rang f the change parmeters 

for each of the eight dl.stributions of s 

the data contained i n  Table 10 rEnUeates that there i a  c'onsid- 

erable dispari4y between the labile and stabile range of rate 

e and rate of rate of" change parameters fo r  each of the 

four methods of cattegorization. 

TABLE 10 

RANGE OF RATE OF C W G E  P~~~ BY GROUP 

RC Non-StFess 10.78 4.69 2.50 1.23 

RRC Non-Strerss 6.16 3-92  2.14 1.21 

RC Stress 9.87 4.28 2.97 1.29 

RRC Stress 8.90 3.77 2.13 0.42 

The distributions op ieores of the labile and stabile 

groups were cornpetred for  each of the four methods of categori- 

gation. These data are summria;ed i n  Table 11. 

The m e a n  rate of change f o r  the labile group under non- 

stress conditions was 4.30 be&$ per minute highep than that ) 

of the stabile group, while the mean rate of change rider stress 

conditions of the labile group was 3.45 higher than that of the 

stabile group. The mean rate of rate of change for  the labile 
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group was 3.92 higher than that of the stabile group, W e r  

non-stress conditions, while it was 3.22 higher for the labile 

group than the stabixe group under stress oonditions. When 

these distributions of mores were compared by means of the t 

test, the differences between the m e a  8cores %l.l proved to be 

highly statisticfally significant ( p @ O 1  in each instance). 
This findfn@, however, is hardly surprising, since the extremes 

- 

of the total group of subjects were utilized for cornparisam. 

MEANS,  ST^^^ DEVIATIONS, AND t'b FOR LABILE AM3 
STABILE GROWS FOE FOUR C m G E  IHDEXXS 

t P Labile Stabile Index 
Mean S . D .  Mean $,D. 

RC Non-Stress 6.34 1.65 2.04 39 11.03 < -001 
RC Stress 5.65 i.a3 2.20 32 22.78 < ,001 
RRC Non-Stress 5.60 2.04 1.68 33, 8.17 < .001 
RRC Stress 4.99 1.22 1.77 - 35 11.10 < .OO1 

In summary, then, four separate groups of stabile and 
labile subjects were formed, on the basis of rate of change and 

rate of rate of change measures under non-stress and stress 

conditions. The mean rate of change and mean rate of' rate of 

change measures in each instance were slggnificantlp different 

between the labile and stabile sub-groups. These stabile a d  

labile groups were then compared as to their performance on 

the experimental tasks. 



FU3SULTS AND CONCLUSIOHS 

First, the relationships betwe the rate of change and 

rate of rate of change parameters were determined. 

groups categorized as stabile and labile upon indexes obt 

under non-stress and stress conditions were compar 

perceptual motor, and cognitive tasks. These results are 

presented in the following pages. 

Second 

RelatfonshiQs Between Rate of Change and 
Rate of Rate of C W g e  Parameters 

The relationships between the rate of ehmge and rate of 

rate of change parameters for the total groups of 80 subjects 

were determined by computation of Speaman product-moment 

correlations. First, the eorrelation between the non-stress 

rate of ehange and rate of rate of change indexes was computed. 

Second, the correlation between the rate of change 

rate of change indexes under stress conditions was 

Third, the eorrelation between the non-stress rate 

e of change under stress conditions was 

and rate of 

computed. 

of' change 

computed. 

Fourth, the correlation between the non-stress rate of rate of 

change a d  the rate of rate of change under stress conditions 

was computed. These data are summarized in Table 12. Inspec- 

tion of the data contained in Table 12 indicates that a11 of 

the correlations are tsignificant beyond the .001 level. There 

is very high degree ( ost perfect) of correl  

RC and RRC f o r  both non-stress "Iflie 
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degree of relationship between the stress and non-stress RC 

and RRC is moderate. 

TABLE 12 

CORRELATIOHS BlEWEEN RATE OF CNANGE P ~ E R ~  
(m - 80) 

Ron-Stress RC afkd RRC 
Stress RC and RRC 
Mon-Stress RC and Stress RC 

Non-Stress RRC and Stress RRC 

* 96 

.66 

.62 

From the daea summarized in Table 12, it is concluded that: 

Rate of change of heart rate under non-stress condi- 

tions is almost perfectly posiGively correlated 

with rate of rate of change of heart rate under non- 

stress conditions. 

Rate of change of heart rate under stress conditions 

is almost perfectly positively correlated with rate- 

of rate of change of heart rate under stress conditions. 

Rate of change of heart rate under non-stress condi- 

tions is significantly (p  < .001) and moderately 

positively correlated with rate of' change of 

heart rate under stress conditions. 

Rate of rate of change of heart rate under non- 

stress conditions is significantly (pc.001) and 

moderately positively correlated with rate of r&e 

of change of heart rate under stress conditions. 



TABLE 13 
FERCEPTUAL TASK SCORES UNDER NOH-ST 

JbMI) STRESS CONDITIOHS 
(N = 80) 

c 

Sub j* Hon- Stress Subj. Ron- Streas 
Stress Stress 

) 2  3 9 
4 8 3 

5 9 
8 9 
9 12 

10 15 

13 6 

14 8 

16 5 
17 10 

11 

5 

38 5 2 

40 8 0 

41 

45 

47 

49 
55 

57 

58 
60 

4 

0 

2 

4 

7 

3 
2 

5 

P 

3 
1 

2 

8 
1 

6 

12 

19 4 1 62 PO P 

20 9 4 63 a 1 

23 2 18 67 3 9 
24 

25 
13 

5 

12 70 

3 71 

8 5 
2 2 

26 9 4 74 2 3 

27 8 6 77 6 23 

29 6 9 78 7 5 

32 3 2 81 4 B 

34 7 5 84 2 2 
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TABX& 13 (cont'd) 

stress Stress 

86 

87 

88 

89 

90 

94 

95 

97 

98 

99 

100 

102 

104 

108 

109 

110 

111 

112 

113 

114 

7 

12 

5 

4 

8 

12 

5 
6 

4 

3 

3 

1 

9 

9 

9 

3 

7 

5 

2 

4 

4 

9 

2 

28 

7 

14 

14 

0 

6 

1 

2 

4 
1 

5 

7 

13 

5 

0 

z 

5 

115 

120 

321 

122 

123 

124 

2 

5 

7 

5 

8 

4 

3 

4 

3 

8 

2 

1 

2 

3 

14 

3 
0 

0 

1 

7 

1 

0 

5 

1 

11, 

6 

4 

10 

2 

2 

3 
0 

1 

6 

9 



The results of the emparfsons of the stabi 

groups on the three e~erimental tasks are presented in the 

following pages. 

Performance of Stabile 
SubJeets on the P e r ~ ~ ~ t ~ a l  Task 

The hypotheses reSleetive %o the differences in percept 

func%ions between the stabile a d  labile groups of ~ ~ b j e ~ t s  

under stress were explored by measuring performance on %he 

task, under non-stress conditions first9 and then 

SecQnd, under stress eond9tions. These data are s ~ ~ ~ r i z e ~  

in Table 13. The score on the first condition was sub%r 

from the seesnd, and the resulting gebrezic difference then 

was the index of change in perceptual functions. The mean 

difference scores between the non-stress and stress conditions, 

d de~iation, gtandard error, differences fn me 

the s t ~ ~ ~ ~ r ~  error of the difference, and the resultan% - % 

$e 14 for both labile m d  stabile subjects 

h of the four e x ~ ~ r i m e n ~ ~ ~  orderfngs of the subje 

QreS reported errors made by the sub- 

Jeet, so that s neg ive difference score will indi 

deerease 9n errors &om the non-stress to the stress sit~~tion, 

while a positive difference s ore would indicate an i 

errors. Thus, fve score indicates better per 

while a pos%tfve score indieatas worse perfornetnee under stress 

conditions. In order to assess the signifiem e of the z9 
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one-tailed 

difference 

DATA 

tests were u t i l i z sd ,  since the directiqn of the 

was predicted. 

TABIZ 14 
RELATIVE TO TIIFFPERENCES BETWEEZ MEAN P E 3 3 C ~ U A L  

TASK SCORE INDEXES OF STABIWE ANI LABILE GROWS 

Stebile Labile 
Mean SED t P Mean S.B.  Mean S.B .  I)iff. 

Group 

Bon-stress RC -3.70 3.24 1.00 6.53 4.7'0 1.67 2.82<.005 

-1.85 3.10 1.70 5.92 3.55 1.53 2.32c.025 

Non-Stress -2.50 5.39 1.25 6 . ~ 7  3.75 1.88 1.99c.05 

Stress RRC -2.75 3.25 1.05 6.64 3.80 1.69 2.25<.05 

Inspection of the dater. contained i n  Table 14 rev'e&ls that 

i n  every instance there is  a s t a t i s t i c a l l y  slgnificane difference 

between the mean difference fran the  non-stress t o  stress score 

of the stabile aa cornpared w i t h  0 of the l ab i l e  group. The 

labile group i n  every instance shows a decrease i n  secur&ey of 

response t o  eb perceptual stimulus under stress, while the sta- 

bi le  group does not. 

Aceordingly, it is concluded that:  

1. When the subjects are divided in to  s tab i le  and 

l ab i l e  subgroups on the basis of the RC under 

non-stress conditions, the l ab i l e  group shows 

greater decrement on the perceptual task under 

s t ress  than does the stabile group. 
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3.  

4. 
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When the subjects are divided in to  

labile subgroups on the basis of t h  

s t ress  conditions, the lab i le  group shows greater 

decrement 

es the  stab9 

When the subdects are divided in to  s tab i le  and 

labi1e subgroups on the basis of the non-stress RRC, 

the l ab i l e  group shows greater crement on the per- 

c e p t u l  task under stress than does the s tab i le  group. 

When the subjects are divided in to  stabile and l ab i l e  

subgroups on the basis of the stress RRG, the lab i le  

gsrpsup shows greater decrement on the pereeptu 

task under stress t does the stabile group. 

Examination of the data indicates that there is $1 greater 

discrepancy i n  mean difference scores depending upon how the 

labile and stabile groups ape fomed. 

difference between the labile groups, the ranking is: 

I n  order of magnitude of 

I .l. RC on t non-stress condition (D = 4.70) 

2. 

3. 
4. RC on the stress ondition (I3 = 3.55) 

RR@ on the streso condition ( D  = 3-80) 

RRC on the non-stress condition (D = 3.75) 

Thus, the i tude of the m e a n  difference on the percep- 

tua l  task between the s tab i le  and 1 

when the groups &e formed upon the basis of' the RC as opposed 

i l e  groups is greatest 

t o  

i s  

RG 

, and further that the greatest mean differe 

exhibited wh n the groups are formed' upon the b 

under non-stress conditions. 
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TABLE 15 
TOT SCOIU3S UNDER M ESS 

(N - 80) 

2 

4 

5 
8 

9 
10 

13 

14 
16 

17 

19 
20 

23 

24 

25 

26 

27 

29 
32 

34 

5.93 
15-31 

8.15 

9.93 
3.46 

8.57 

30 54 
9.61 
7.48 

9-30 
10 97 

2.93 
22.18 
8.08 

7.81 
3.20 

13 9 29 

7.75 

7.90 

6.81 

16.97 
18.12 

23 95 
24.43 

9.91 
10.82 
28.03 
24.13 
24.20 

21.81 
17 * 44 
55sh4 

33.56 
22 - 39 
23.26 
14.43 

9.67 
21.28 
28.46 
16.48 

38 
41 

45 
47 
49 

55 
57 
58 

60 
62 

63 
67 

70 

71 

74 
77 
78 
81 
84 
86 

57 
14.46 
5.40 

J2 92 
7.20 

11.38 
13 * 91 

8.13 

15*97 
1.70 

8.63 
12.88 
26.08 

18 37 
11.04 

3.07 
16.69 

5.75 

9 77 

15.05 

5.80 

21.22 

16.37 

30 90 
15.86 

35.90 
22.31 

15 76 

20.00 

7.1'7 

13 *I3 

25 25 

40.19 

22 9 75 
30.14 

21.36 

34 9 39 
23 73 
6.30 

26.77 
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Non- 

87 
88 

89 
90 
91 
98 

95 
97 
98 
99 
100 

102 
lo& 

108 

109 

110 

111 

112 

113 

114 

17.32 
5.61 
13.61 
1.32 

5.75 
14.54 

5.95 
4.20 
19.80 
13.11 

13.14 
5.22 

12 * 79 
17 = 31 

15.54 
13 30 
13 e 24 

9.70 

3-27 

7.94 

39 
19.81 

33 12 
11. og 

23 73 
31 99 
14.20 
31.01 

25.92 
30.57 

20.08 

3.5*55 
34J9 
35 * 41 
25.88 
24.40 

30.72 

19 9 25 

7.92 
12.40 

120 

121 

122 

123 

124 

132 

134 

9.42 

9-67 

24-35 
6.& 

8.35 
17 9 93 
8.06 
5.61 
9.14 
14.56 

67 

13 90 

3.81 
6.41 
2.14 
11.76 

4.08 
7-17 

5.40 
1.22 

26.00 
16.86 

45 * 91 
19 07 

27.99 
38 81 

16.91 
21.11 

24.65 

10 * 99 
19-74 
8.34 

27.38 
3.57 

17 * 03 

19 
11.42 

15-03 
13 08 

5.4% 



TAEOCE: 16 

2 

4 

5 
8 

9 
10 

13 

14 

16 

27 

1.53 

' 20 

23 
24 

25 
26 

27 

29 

32 

34 

175 

219 

247 

216 

225 

136 
295 
280 

244 

203 

177 

78 

348 

198 
216 

147 

132 

255 

257 

170 

38 
41 

45 

47 

49 

55 

57 

58 
60 
62 

63 

67 

70 

71 

74 

77 

78 

81 

84 

86 

71 

260 

176 

252 

200 

325 

257 
175 

205 

100 

161 

261 

348 

223 

269 

198 

33.3 
268 

9 
280 
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l Y  

Sub j Strtrtss Stress Sub j Stress Strerjis 
4 

87 
88 

89 
90 

91 
94 
95 
97 
98 

99 
100 

102 

104 
108 

109 

110 

111 

112 

113 

114 

158 

124 
22 

67 
167 
80 

54 
170 
134 

133 
68 

3.30 
3.34 

121 

115 

138 
109 
42 

101 

200 120 

256 121 

121 122 86 - 207 

268 123 102’ 294 
322 124 171 278 
167 125 86 182 

131 132 76 207 

268 136 166 276 

210 137 11 127 

232 134 122 227 

173 138 356 224 

273 141 35 amm 
305 143 8a 293 
237 144 31 51 

219 145 137 205 

160 ‘ 148 54 194 

94 149 72 157 
i56 151 17 ’ 65 

248 147 82 142 



2 

4 

5 
8 

9 
10 

13 

14 
16 

17 

19 

20 

23 

24 

25 

26 

27 

29 

32 

34 

.08 

* 09 

.08 

.10 

08 

.08 

009 

.08 

.08 

* 10 

07 

- 09 

09 

* 09 

09 

.08 

.08 

-08 

08 

07 

* LO 

.08 

0 zo 
11 

.08 

.08 

PO 

09 

.10 

* 1% 

10 

07 
10 

3.1 

11 

.10 

07 
.08 

11 

10 

38 

40 
41. 
45 
47 

49 

55 
97 

58 

60 

42 

63 
67 

70 
71 
74 
77 
78 

81 

84 

I O 8  

* 09 

* 09 

* 03 
.10 

08 

09 

.08 

09 

LO 

07 

.08 

* 08 

3.2 

11 

.10 

.06 

. LO 
09 

.06 

08 

.08 

.11 

09 

12 

-08 

. 11 
* 09 

09 

. LO 
9 07 

e 08 

.08 

0 12 

.10 

. 11 

.11 

e 21 

09 

07 
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TABU3 17 (cont'd) 

Subj, Stress Sfrsss Subj Stresa; 

86 09 . 10 .lQ 

09 

09 115 

120 

121 

' 122 

87 

88 

.I1 

* PO 

* 13 

. 3.5 
89 

90 

94 

95 

97 

98 

99 

100 

102 

104 

108 

189 

110 

111 

08 .1E 

.06 .08 * 11 

124 0 14 09 

07 

* BO 

0 09 

08 

0 1% 

.11 

09 

e 08 07 

.08 134 

136 

0x2 

0 10 

.10 

0 11 

010 

09 * 80 

.06 

09 

.11 

137 09 

.08 

0 10 241 

143 

144 

08 09 

0 13. 

0 11 

07 

= 09 145 

1-47 

09 

., 08 

P 12 

18 It 12 09 

112 0 09 0 12 148 .08 08 

1x3 .08 08 149 .08 a 08 

114 08 *08 151 * 07 .08 



As i n  the case of the perceptual %ask, the assessmen% of 

motor functions was aeamplished by securing measures of motor 

function$, fir@% under noxbstrese), and second, under stress 

conditions. Three indexes derived from the tratckAng t 

were uti l ized:  (1) the t o t a l  t i m e  on target (TOT); (2) the 

t o t a l  number of h i t s  on the targat  (IQIT), and (3) the t o t a l  

time on target divided by the number of ta rge t  h i t s  (TOT/I'IIT). 

The non-stress and stress data for  each of these indexes f o r  

edch subject are prrrtsented i n  Tables 15, 2.6, and 17 respectively, 

The indesx of' change i n  performance on the motor task was 

determined by subtracting the? score under s.t;ressr eorlditions 

from those tained under non-stress conditions. Distribu- 

t ions of these indexes were then calculkttcttd for  each of the 

four  inderes. The significance of the m e a n  diff@renees>b&tween 
the  sixbile Bnd labile groups f o r  each of the four methods of 

subject eategorfzation were then detsmined by mews of ths 

- t t e s t .  

raspeetfvelye 

These data &re summarized i n  Tables 38, 19, and 20 

Inspectfon of the data summarized i n  Table 18 indicwbess 

that i n  no irSstabnce is $he mean difference i n  TOT performance 

from non-stress t o  strelss of the stabile group significantly 

different from that  of' the labile group, regardless of how the? 

groups were categorized. Accordimgly, it i f $  eoneluded that: 



(3) 

( 4 )  

When the subjects are c 

of RC obtained under non-stress conditions, the  

mean d2ffePenee 9n TOT from stress t o  non-stress 

condftions for  the stabfle subjects i not signif- 

l y  different  Prom $hat of the lab i le  subjeets. 

When the subjects are eategorlzed on the basis 

of RC obtained under stress conditions, the 

m e a n  dffferenee i n  TOT from stress t o  nonestress 

eonditions for  the stabile subjects 9s' not signif- 

c a t l y  different from %hat of the labile subjects. 

When the subjeot;s are categorized on the basis 

of RR6 obtdned under non-stress condetions, the 

m e a n  difference i n  TOT From stress t o  non-stress 

eonditions of t h k  s tab i le  subjects is not sign$fi- 

ly different from t h a t  of the labile subjeets. 

When the subJects are eategdrized on the basis 

of m6 ob%afned under stress eonditfons, the me 

difference i n  $ 0 ~  from stress t o  non-stress eorledi- 

tfons of the stabile subjects is not s i ~ i f ~ ~ ~ ~ % l y  

d ~ f f e ~ ~ ~ ~  from that of" the labile subjects. 

~ n s ~ ~ c t ~ o ~  OF the data eoratafned i n  Table 19 indicatsrs 

that i n  no i n ~ t ~ c e  is the mean difference fn HIT performance 

from nom-stress t o  stress o f ' t he  stabile group sfgnffiaantly 

&ifferarat from that of the l l e  group, regardless of how the 

groups were categorized. Accordingly, it is concluded thae: 
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TABLE 18 
DATA RELATIVB TO RXFFEZEHCE SCORE8 OH T 

STABXLE APJB LABILE SUBJECTS BY GROW 

Stabile Labile Mem Group -. 
Mean S.D. Mean S.D. D i f f .  SED t P 

Won-Stress RC 10.42 5.43 11.97 6.28 2.55 1.90 .82 3 .O5 

Stress RC 9.33 9.16 12.09 6.67 2.76 1.94 1.42 > .05 
Ron-Stress RRC 10.06 5.24 11.42 5.62 1.36 1.76 .78 >.Q5 
Stress RRC .)9.99 4.99 12.17 6.16 2.19 n.81 1.21 =z.O!j 

TABLE 29 

DATA REXATIVE TO DIWEREXCE SCORES OB HIT OF 
STABILE AND LABILE SUWTEGTS BY GROUP 

Group Stabile Labile Mean 
Mean S . D .  Mean S.D. D i f f ,  SED t P 

Non-Stress RC 98.70 10.10 106.90 12.09 8.20 15.75 .52 3 .O5 

Stress RC 92.25 11.36 112.50 20.28 20.25 15.32 1.323 .05 

Mon-Stress 96.80 10.01 103.35 11.67 6.55 15.38 .43>.05 
Stress RRC 97-70 9-17' 112.95 10.53 15-25 13.96 1-09 7.05 



When the subjects are categorized on the basis 

of RC obtained under no onditions, the 

m e a n  difference i n  HIT from s t ress  -stress 

conditions for the s tab i le  subjects i$ not 

significantly different f rm that of the labile 

subjects. 

When the subjects are categorized on the basis 

of RC obtained under s t ress  conditions, the m e a n  

ifferenee in HPT from stress to non-stress 

conditions for the  s tab i le  subjects i s  not 

s ignf f icmt ly  different from t h a t  of the labile 

subjects (. 

When the sabgeets are categorized on the basfs 

of RR@ obtained under non-stress conditfons, %he 

mean difference i n  HIT from stress t o  non-stress 

conditions of the stabile subjects i s  not signkf- 

Scantly different from $hat of the UbEXe subje@$s. 

wlnen %he subjeeta are categorized on the basis of 

obtained under stTess condftfons, the  mean 

dffference i n  EIT from s t ress  t o  non-stress eondf- 

%ions of the s tab i le  subjects is not s ign i f i  

different  from that of the  labile subjects. 

Inspeetion of the data contained in Table 20 indicettea t h  

En no instmce i s  the m e a n  differences i n  TOT/ET perfo 

from non-stress t o  stress conditions of the stabile group 
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TABLE 20 

DATA IWLATIVE TO DIFFERENCE SCORES OH TOT/HIT OF 
STABXLE AHD LABILE S m C T S  BY GROUPS 

M@an Stabile Labile 
Group 

Mean S . D .  Mean S.D. Diff. SED t P 

Mon-Stress RC .01 .ox .oogg .02 .oo(s5 .005 . X O O > . Q ~  

Stress RC .008 . oog ,008 ,005 .oooo .002 .,ooo 2 .05 

Non-Stress RRC .OOg5 -01 .OOg .02 .0005 .O$ .O5 2-05 

Stress RRC .0085 .oz .0075 . a 5  .oo& .ox5 .067 ,.05 
- ---  

signif icant ly  different  from that of the labile group, regardless 

of haw the groups were categorized. Accordingly, it i s  concluded 

that : 

(1) When the subjects are categorized on the basis 

of RC obtained under non-stress conditions, the 

mean difference i n  TOT/HIT f r o m  s t ress  t o  non- 

s t r e a a  conditfons fo r  the stabele subjects i s  

not significantly different from %hat of the 

labile subjects. 

When the subjects are categorized on the basis 

of' RC obtafned under stress conditions, the 

mean difference i n  TOT/HIT from stress t o  

non-stress conditions far the stabile subjects 

i s  not significantly different  from that of the 

l ab i l e  subjects. 

(2) 



(3) When the subjects ar 

basis of RRC obtained 

conditions, the mean difference i n  TOT/HXT 

from str@s$ t o  non-@%rass conditioner of 

the stabile subjects i s  not significantly 

different  from 'chat of the labile subjects. 

When the subjects are ca;tegos?izsd on the 

bss2es of TiRC ob.tained under stress condi- 

t ions,  the mean differenoe i n  T€X/KIT from 

stress ts non-stress condit;ions of the 

(4) 

s tab i le  subJects i s  not s ignif icant ly  

different from that of the labile subjects. 

Performance of the Stabile and Labile 
Subjects on the Gognitiye Taak 

The Obscure Figures T e s t ,  which was used t o  explore 

cognitive functions, was first given t o  the subjece under 

conditions of non-stress and then repeated under conditions 

of s t ress .  These S S C O F ~ B ,  by subject are presented i n  

Table 2%. 

74 
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TABLE 21 

OBSCURE FIGURES TEST SCORES ZfldDE-R 
IOpJI-S!MlESS Am STRESS ITIOHS 

(PI = 80) 

H0n- Non- 
Stress Stress Sub j Stress StPess 

r 

2 

4 

5 
8 

9 

LO 

13 
14 

16 

17 

19 

20 

23 

24 

25 

26 

27 

29 

32 

34( 

49 

51 
53 

43 

66 

50 

55 

54 

55 
49 

49 

48 

52 

511 
73 

48 

46 

56 

41 

49 

41 

47 

49 

44 

69 

49 

54 

51 

56 

51 

49 

52 

48 

56 

72 

47 

50 

56 

40 

51 

38 

40 

41 

45 

47 

49 

55 

57 

58 

60 

62 

63 

67 

70 

71 

74 

77 

78 

81. 

84 

54 

45 

49 

55 
46 

45 

41 

46 

54 
48 

42 

47 

47 

51 
46 

46 

46 

49 

45 

49 

53 I 

45 

43 

54 

47 

43 

41 

46 

60 

47 

40 

48 

41 

48 

43 

43 

44 

45 

46 

54 



Stress Strerss Subd Strees 

86 

87 

88 

89 

90 

94 

95 

97 

98 

99 
3.00 

102 

104 

108 

109 
110 

%%a 

ax2 

1x3 

114 

52 

46 

51 
’ 48 

43 

51 

41 

50 

44 

4? 

43 

45 
48 

48 

49 

45 

49 

47 

45 

49 

52 

4? 

44 

44 

45 
44 

40 

49 
46 

53- 
44 

45 
46 

45 

43 
41 

45 
44 

40 

47 

42 42 

44 47 
&p2 42 

45 49 

49 47 

41 43 
48 48 

46 44 

49 47 

53 45 
45 41 

40 40 

50 43 

55 55 
46 43 
43 42 

51 50 
47 44 

48 45 

41 45 
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The s t ress  more w a s  srxbtr d from the non-stress 

score i n  order t o  yield iQdex of ch 

functioning from nsn-stress t o  s%ress 

butions d3f these resw3ti scores were then tale 

each of the four stabile and four labile 

The significance of %he mew difference between the stabffe 

and labi&e groups w a s  then determined by mews of %he z-test. 

These data are suaamarimd i n  Table 22. 

TABLE 22 

DATA RELATIVE TO DIFFERENCE OR COGBXTIVE TASK 
I I E D ~ S  OF STABILE ARD LABILE SWE!JE%T$ BY GROUP 

Mean Stabile Sabile Group 
Mean S . D .  Mean S.D. Riff. sm t P 

_- - -  

Mon-Stress RC - .35 2.90 -2.10 3.21 1.75 -998 1.75<.05 
Stress RC -1.20 3.30 -1.70 3.62 .5O 1.123 

Ron-Stress )I .80 2.80 -2.15 3.20 1.35 .975 X.382.05 

Stress RRC .g5 2.99 -1.80 3.46 .85 1.048 .81>.05 

Inspection of the data ineZuded i n  Table 22 reveals %h 

every fwtmce ,  cognit5ve functions, as measured by the Obscure 

.Figures Tes t ,  showed a decrement under stress eoaditfons fop 

both the stbbile and lab i le  groups. However, th i s  decrement 

w a s  greater i n  every instmee for  the labile as opposed t o  the 

stabile groups. 

mental hypotheses. But, t h i s  difference was not stati8tieal3.y 

This fendencg w a s  i n  accord with the experi- 
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$erenee was stiwr 

conditiolns. The faa t  that, i n  emh other intatmae, tha t  the 

difference i s  i n  the pred%cted directton 8erve8 t o  rcstnforce 

the aonclusrton thwb the l ab i l e  subjects shaw a greater decre- 

m@nt under ertrsssw conditions than do Che stabile subjeats i n  

CognitPve functioniw. Accordingly, PP the preceding data, 

it i s  concluded Irhat: 

When %he subjec%s aro? categorized on the basis 

of RG dbtaknerd under non-ybres$ 'conditfons, the 

labile subjecltrs show greater deeremen% under 

wtresra i n  co t ive  f'unet9ons than do the 

s tab i le  subjeaf;s. 

When the rsubjeets are caCegcPrized on the basis 

of' RC ob%ained under strks eormdi-t;ions, the 

l ab i l e  subjects do not show greater decrement 

9n cognitive functions under stress thm do 

the s tab i le  subdects. The diffsreme, however, 

even though not s ta t is t icei l ly  significant,  i s  

Sn the predicrted direction, w i t h  the labile 

subjects showfng greater decrement than the 

- c  

stabilB subjects i n  cognitive functions . 
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(3) When the subjeets &re categorized on the basis 

of RRC measures obtained under non-stress con- 
ditions,  the labile subjtse 1 

greatte-s decrement i n  cognitive functf 

s t ress  than do the s tab i le  rsub3ects. The 

difference, however, even thoagh not 

ally significebat i o  f n  the predaeted dfreetion, 

w i t h  the l eb i l a  subjects showlrag greater deesa- 

mept than the s tab i le  subgects i n  g?ogn%tiva 

m e t i o n s .  

When the subjects are categorized on the bas%s 

of RRC measures obtained under s t ress  conditions, 
(4) 

$he labile subjects do not show greater decre- 

ment i n  cognitive Funations -der @tress than 

do the s tab i le  subjeats. The difference, 

however, even though not s t a t i s t i e a l l y  sig- 

nificant,  is i n  the psedieted direction, wffh 

the %&bile subjeets showing grea+%er deererne 

than the stabile subjec%s i n  eo@d;i.rre functions. 
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The cor re la t i  s b&weea RC and RRC under stress and non- 

ditAo1rrs were almost psrfecti. Under non ess  con- 

ditiona the corre3&2on wes .96, and under 8trefm conditions 

A t  was .9?. Thus it i a  eviden2; that the relatfonshAps betwean 

IRG and BRC urrder both conditioas of" rron-a0ress and stresa are 
so high that there i s  l i t t l e  v a u e ,  i n  accord w i t h  %he resuZts 

o f  the study, i n  computhg fhe RRC index i n  addition t o  compu&- 

iw the RC index. 

It was Foynd Ch&t when %he subjects were caCegori?ied as 

st@bile  or labi3.e on the basis o f  the RG obtained under nan- 

stress conditionss, s$gnificant differences were! demonstrated 

between the group8 an the porroeptual and cognitive tasks, but 

noti on the motor t&@k. When the subjects were c&egorlzsd as 

qtabile ox lqbile on the basis of the Rcfl obfained under stress 

conditions, sign%ficw$ differences were demonstrated on the 

perceptual task only, but not on the motor nor on the cogni- 

t i ve  tasks, although the difference between performance of the 

stabile and labile subjects under stress did approach s t a t l a t i -  

caX significantoir. Therefore, it i s  concluded tha t  the RC 

obtaued un4er the non-stre$B conditions is, at least i n  the 

present atudy, the moat effective index for categorizfng the 

subject as being e2ther sttabile or  labile. 

IZ; is ooncluded that when the subjects are Categorized 

as stabile or labile on the basis of the rate of ehmge of 
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heart beat rats 
that 1abQe subjects show greater deer@ 

cognitive fwgttions than do the stabi 

labile subjects w e  placed i n  a stress si%a&%ion, they s 

a reduction i n  the capmity eo be innovative. 

materihlJ, i s  not assimilated &I adequately, and their c&paeitie@ 

for  imagination and Angenuity are redueed. Consaquently, i n  

the l ab i l e  subjecZls, there i s  a constriction i n  the capacity 

t&ined under resting au$sn 

under #s%ress 

When the 

Perce 

for  d e a i n g  w t t h  Inpat data i n  new ways; mth the bb23.e and 

s tab i le  subjects ahowed sueh a. constriction under the s t ress  

conditions, but the constrictSon was =ore str 

labile than it was for  the stabile group of sub$ew%s. 

From the resu l t s  of the study, it 1s cone2uded that the 

labile subjects respond more erroneously t o  peripheral visual 

s%lmuli than do the stabile subjects when they are plaeed 

conditions of s t ress .  It appears, therefore, t h s t  the labile 

subjects tend t o  be more ixnpalsive, and that %hey over-react 

to environmental s t i m u l i  more than do the labile subjects 

when an already exlstfng arow 

mental. s t ress .  Inhibitory behavior i s  not as readily m%nifeasted 

by the labile person, and he manifests a readiness t o  reaet 

and t o  discharge through motoric klets regardless of the appro- 

priatenass of the 1*aspofise. 

e r  

s t a t e  i s  amenf;@d by environ- 

The st;udy indicates that restlng eardise l a b i l i t y  (as 

measured by non-stress RC) lis related t o  response error  under 

s t ress .  This finding tends t o  be fn accord with the finding 
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rsla%ed t o  quantidmtive rn&aiures of hype 

aepmts o f  They off 8 one theoretical  expla- 

nation of the phanmenon, tha t  autonomic &cfiviCy may feed 

iapasive 
i c  

back %o %he brais @%ern and cor$ex v ia  ace ra l  a#'ferants o f  vi@ 

the reticu2ax aativating fornation. 

azutonolmic actxtvity may iwluence cokticaa acfivify v ia  the 

pressare sensitive recepltors of the caroeid sinus and &or%ic 

arch. 

Furlher, they state that 

&at i n  any even+, regard8ess of whether the feedback i s  

achieved th,rough visceral  afferents, rati@tCJ,sr formations, or 

barorecepCors, &acey and Lacsy stpt.te t h f  the remlting feedback 

UtimaBely means thae the autonomic rssponse may theq become a 

slimulua, which i s  directed %130 corkLcal and subcortical structures, 

and serve8 t o  resP;zZt i n  energiging and adapfive fwlctions which 

adjust receptivity m d  reactivi$y t o  the needs o f  the moment, 

Xn asrsence, therefore, paces and lGdzcey coneepturalize the wto-  

nomic response l4xelf as being a st%mlus, feeding b$ek t o  the 

cortex, and that %his would explain $he higher incidents of 

erroneous responses by labile RC subjects. 

A somewhat different point o f  view i s  suggesaed by W f y  

9n her coneepts of aetivation. 

some extent with L9UFf'y, ien that they s ta te  tha t  '*ehuttonornic 

mea;stlrem@nts are simply not meeered indic$Coys of affeeot, they 

reveal the operation of an activating or "energy mobilizing' 

system. 

Zacsy, J. I. and Laceg, B. C. The relationahip of resting 
autonomic activiey t o  motor impulsivity, I n  8. Solomon, S. Cobb, 
and W. Fenfield (Eds . )  The Brain and Hmna,n Behavior. Baltimore: 
Wilkins & Wilkins Co., W 8 7 1 g T -  

But Eaeey and Lacey &grea t o  

f l  



Aeeording t o  Dupfy, "acLi'lraZ;ion" i s  a function of' $the 

re t icu lar  formation, while i r n b i t i n g  c 

of the eor?bsx, whioh swves t o  minkad. 

of the organ2xm at an opi tmb and stab 

w i t h  hameostatic prineiples) .l 

degree t o  which inhibit ing cm-trols are ma2ntained. 

they are  re d, the behavior becomes impulsive, and erron- 

eous reaponses are manifested. 

of the orgmism, the greater i s  the probabflity of w, f"&dLty 

response when eorticaf. fnhibi t ing controls are not ~ i ~ ~ ~ i ~ ~ d .  

Thus, i n  accord w i t h  the activation theory proposed by 

the individual -with a labile RC of beart rate be& is 

vidual who i s  nneable t o  maintain adequate inhibitfw ~ Q ~ % ~ ~ ~ ~  

control over the high-Zevel activating ac t tv i tg  of the re$ : I~  

Individmls vary as t o  the 

Mhan 

The mare complear the beh 

fornation. 

The findings indfe&e the need for  continued ~ o ~ t ~ ~ f ~ g  

of RC durfng space f"l9ghts. 

ina%ion of ~ a ~ d i ~ ~ a ~ ~ u ~ ~ r  responses has allso been given 

The importance of coneirsuetd 

o f  parmount fmportmce by Russian space investigators, who 

feel that the matter 9s so important that it jus t i fSss  %he 

See: 
a,* 

b o  Berlyne, D. 6. Conflict, arousa,l - and curiosity.  Eew 
Your: MeGraw H i l l ,  1960. 

c. lihrffy, E, The psychological. sfgnfffca~loe of the eaneep 
of "a3?ous~l" or "ac%iwation, '' Psychol. E, , 1957, 64, 265-275. 

d .  Duffy, E. ActSvaW.on - and B@havlor. New York: WiP 

MaIao, R. Et. Activation: A neurophysfolbgie 
Psychol. - Rev., 1959, 66, 367-386. 

1962 
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esteLblishment of a speci$ic branel? o f  $ c l w ~ e ,  that of '' 
cardiolagy."l Parin, e t  ale have notea that c?kang@s i n  the 

rhy'thmical activ%ty of the heart, fhe o&rdl@ta rhy2;hm, 

med$atsd v ia  crenters al! the vwgw..EJUnd sympal;he 

fluctuates dwiw spaae f l igh t  rnccol~dt 

There ia a typical  deSaycs8 nomalllza%ion 00 %ha rhythm af'hr 

the action of acceleration, relwbive bradycardia, and 3,ncrease-d 

variabrllity of pulse r&a. PwrLn, e t  a$. ptoraclucied Chat durin$ 

weightlessness rn increase %n tone of %he parasympathetic part 

of the vegetative ~ ~ e r v o u s  syalt;em take6 place, wSth the central  

I~BTVOVS system playing an important role i n  the deve1Qpment 

of t h s  adaptive r e sposs s~  of %he carBiovanoulw system, w i t h  

the responses result ing from excSDation of the sympathetic 

nerves being of hlghest irlapcwtancq. 

great interest m d  importance t o  atuay fluctuations in,  rat@ of 

change parmeters  at vtr2ous time in%ewals %hrou@w+%t 6rm 

extended space mission, wd t o  attempt t o  re2a$e theae Lo 

behavioral maPlifeafaWons i n  diverse areas. This would be 

the prim$ry.focus af' a contjixluing study. 

e 

t o  a spet;?iPic pa'ktern. 

It would be'  therefore o f  

But, regardless 00 the theoreticax struc$ure which i s  

espoused, the resu l t s  of the study are clear ly  irldicative o f  

%he fac t  tha% individuals w i t h  labile of heart beat rate 

react t o  a s t ress  s i tuat ion w i t h  more impulsive and errordA+den 

. Parin, V., Byevsky, R., Gazenko, 0. Hearf and cSlrcula%ion 
under space conditions. 3 1965, 20, 105-129. 



behavior thw do persons w i t h  a mars 

more, the labile subject a l s o  @haw@ more deeremen% i n  cognit3.ve 

functions under cstress does the mstabils subjecl. Conse- 

quently, first, the  resaZts are? important for the select 

individusls fo r  space f l i gh t  astiyiDies, Second, for the  

r e a ~ o n s  specified, %her@ is  also 8 demonstrated need for %he 

monid3oring of the heart pa$@ parmeter  &iring flight, so as 

t o  be able t o  predict and possibly obviate adverse per fomnee  

of the astronaut. 

The findings of the present study, which is  the firs% 

undertaken i n  t h i s  new area, are suff ic ient ly  s t r iking and 

of such 5mportance that %hey make addifiond. investigatfon 

mandatory. 

As pointed oult; previously, there is  need fo r  research t o  

explore the relationships between fluctuations i n  rate of 

change parameLer8 during specific t i m e  in tervals  i n  extended 

space f l i g h t  t o  various behavioral reactiqns. Also, $he 

differences in decrements fn task perfommce under stress of 

labile PWLd stabile subjecBs who do not show r e s t i o n s  t o  stress 

by increased eatecholmine produceion need t o  be studied, so 

tha t  the results of t h i s  study be more meaningful. 

t i ona l  study would provMe us wSth more val id  normative data 

as t o  l a b i l i t y  of rate of change parmeters, 

fwther study which i s  quite provocative axid which would proba- 

bly be of great value. 

the subject $0 as t o  amble h i m  t o  reduce the l a b i l i t y  o f  rate 

Th5.8 addi- 

There is one 

T h i s  would be t o  attempt Z;o program 
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The major purpo@e of the study was fo valid&%@ 

meters: the rate of change and the rate of rate f chage of 

heart bsa$ rate. The central  hypdhesis w&s aubjects 

categorized as having a labile rate of change of‘ heart beat 

rate would do more poorly under stress on various experimental 

tasks than would ZndividuaZs categorized as having a s tab i le  

rata of change. The rate of change an4 the rate o f  r” 

ohrtnge Ondexes (the independent variables of the study) were 

derived i n  accord w i t h  the techniques proposed by Townsend and 

Lindsey. 

*he study) were : 

(1) 

The experimental Casks ( the  depwdent variables of 

A perceptual t a s k  (measured by memas of a visuebl- 

perceptual task) 

A psychomotor task (measured by mews of a tracking (2) 

task) 

A cognitive ta$k (measwed by mefans of the Ob$ews 

Figurea Teet) 
(3) 

The stress situa%ion was composed of two m j o s  ekements 

e~pplfe4 simultaneously: 

(1) Phys1ologiceL3. atreiss (induead by eleetric shock 

technique ) 

(2) Psychologisal stress (induced by threat of fsiEtxre 

and working t o  t i m e  liadits teeh329qutw) 
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( 7 )  Show an increase i n  %he? Subj 

score frcirn f nop- stres €5 t 0 &re$s situation 

A to.0a3 of' $51 peraops sia$isfi.ed c r i t e r i a  I, 2, and 3. Of' these, 

144 also satisfied,  i n  adtIf"tion, criter3.a 4 andl 5. 



The experimental situation extended over t% two-day period. 
I 

Qn the first experimental day (the non-s 

rate of change an4 rats of rake of ohmg secured 

for each potential subi;fect meeting the basic selwtion sriteria 

of intelligence, emotional stability, ghybtcal condition, age, 

and college field of specialty. 

were administered (perceptual, psychomotor, and cognitive) e 

Then the Subjective Stress Scale was completed by the subject, 

I 

The three experimental tasks 

and at3mpJ.e of urine obtqined for catecholamine determirasetion. 

On the second experimental day (the stress situstion) the 

subject was exposed to both phys&ologiceL2. and psyehologiesl 

stress, the three experimental tasks were again presented, m d  

the rate of change and ra%e of rate of' ehaxsge indexes determined. 

The Subjective Stress Scale was readministered, and again a 
sample of urine was obtained $or catachslamina determination. 

Each subfect thus served a8 his o m  control. 

When the stresg valida'blon measures of the second experi- 

mental day were determined, (Sqbjective Seress Scales and ulp%nary 

catecholamines) all eubjects who did not show m increase in 
both of these measures from the non-stress to the stress situa- 

%Eon were excluded from the study. 

completing the experimental tasks, 80 sa,ti@fied all of' the 

criteria, and so finaJ.ly were qualified as subjects. 

Out of the 124 subjects 

The relationships between the ra%e of change and rate of 

rate of change p$rameters were determined for these 80 subjects. 
The Pearson product-moment correlations between the various 

indexes were: 



(1) RC nan-stress and RC stress; 66 
(2) 5 RRC noq-stress and .62 

(4) RC stress and IRRC streas': 6 97 

(3)  RC non-stress m d  RRC noh-stress: .96 

A 1 1  of .these c.orrelations 'were sLaZlisticaXly signifPiaant (p  < .OO%) 
The correlations between the RC and 3RRC undsp non-stress and 

between the RC and RRC under stress condetions were alxnost per- 

fect in both instmces, while those between RT: under non-strese 

axzd RC under stress, and RRC under non-stress and RRC Under 

stress were at a high moderate level. It should be observed 

tha% the measurements for determining these latter two correla- 

tions were secured on two successive days. It was copcluded 

that since the correlattons between RC $nd RRC under both non- 

stress and stress condftion8 were so high that little would be 

gained by utilizing the RRC indexes for catsgoriging the groups. 

Four groups of labile Elnd four groups of stab5J.e subjects 

were then formed upon the baasfs of the: 

(1) 
(2) ,Rate of ch e fndex under stress eondftions 

Rate of" change index under non-tstre&m conditions 

(3)  Rate of ra$e of c e fndex under non-stress 

conditions 

Rate of pa%@ of change indeir' under stress 

conditions 
(4) 

Change in performance of the stabi2e subjeefs fron non-stress to 

stress conditfons then was campazed wlth that of the labile 

subjects for each of these four techniques of categorization. 



When the subjecls were categorizBd as stabile o 

t rate under upon the basis of' rate of change of h 

conditions, and the sh i f t  by the two groups fr 

s t ress  conditions c wed on the experiment@X tasks; it wa 

concluded'that: 

(1) The l ab i l e  subjects performed a i m f i c m t l y  more 

poorly under stress than d id  the s tab i le  subjects 

on the perceptual task. 

The labile subjects did not perform si@fie 

more poorly wder stress than did %he stabile 

subjects on the motor tssk.  

The labZle subjects performed significantly more 

(2) 

(3) 
poorly under s t ress  than did the s tab i le  subjec.t;s 

on the cognitive task. 

When the subjects were categorized as stabltle or Zabile 

upon the basis  of rate of chaqge of heart rate under stress 

condit,iorzs, and the non-stress t o  stress sh i f l s  on the experf- 

mental tasks compared, it was concluded that: 

The labile subjects performed signif icant ly  more 

poorly under stress than did the stabile subjects 

on the peroeptuEbZ task. 

The labile subjects disil not perform signifi@an%ly 

more poorly under stress than d id  the stabgle 

(1) 

(2) 

subjects OM t motor tasks. 

The labile subjects d id  no% perfom signif%camkly 

more poorly =der s t rees  than did the s%abS_le 

(3) 

subjects on the cognitive tasks. 



When the subjeets were ca-begorised 8s atabile or 

on the raee of rate of change of heart race under n 

conditions, m d  the non-stresa t stress shifts 

mental tasks compared, it w a s  cancluded that: 

The l&b i l e  subjects performed significewntly more 

poorly under sZIress than dfd thes s t&bile  subjects 

on the perceptual. task. 

The labile subjects did no% perform slgnifioarntEy 

more poorly under stress than d id  the stezbi3ie 

subjects on the  motor tasks. 

The labile subjects did not perform aign%fi@mtly 

more poorZy under stress thw did the s tab i le  

subjects on the cogpifive tarsrks. 

When the subjects were categorized as stabile or labile 

on Lhe ra%e of ra te  of change af heart r&te under s.(;ress 

conditions, and the non-stress t o  stress shifts on the experi- 

mental tasks compared, it was conexuded tha-l;: 

The Eabfle subjects performed significantly more 

poorly under stress than d id  the s tab i le  jects 

on the perceptual task .  

The labile subjects d id  not perform s;Lgnffi@antly 

more poorly under strssaj than d id  the stabile 

subjects on the motor tasks. 

The lab i le  subjects did no$ perform significantly 

more poorly under stress tFgm did the s tab i le  

subjects on the cognitive tasks. 
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The reaul%s were discussced i n  temsr of the oort ical  

inhibit ian theory suggested by Lacey and LeLcey, ana 
Won theory propos by XWYy. Contrlb 

sc ien t i s t s  were pre 

tha t  asraessmnt o$ 

ac t iva- 

ia order t o  supporf the cmclmabo 

seular functions during Ispaea 

f l igh t  i s  of‘ imporltimee. 

The resul ts  OP the study clearlg inclfeafe: 

The need, for  determining the rate of change 

parmeters i n  the selection of persons for 

space ;flight activi%Zesr. 

Th& need for  monitoring the rats of c h w e  

parameters dur%n$ spwe f l ight ,  so as $0 

predict possible adverse actione o f  the 

astronaut. 

Implicstions of the sfudy were presented and the need for 

fvrthar val$d@tion research of the ra te  of change of heart beat 

rate parwetern was stressed. 



94 

B l B L I O G W E  

Acker, M., & McReynolds, P. The obsc 

instment for  measuring innovation. 

9 1965, 21, 8x9-821. 

BW?kun, M, Performance under streas. Eumm Faotors, 1964 -- 
23, 21-30. 

Berkun, luf. M., Bialek, B. M., Kern, I?., & Yagi, K. Experimental 

studies of psychological atress in mw. mholdgical 

Monographs: Geneztal > -  and AppX?eed, 1962, 76,  no. 25. 

Brkun, M. M., Timeras, P. S., & Paca, M, Psychological m d  

physiological responses in observers of an atomic %@st shot. 

Berlyne, I), C. Conflict, arousal . I -  and c u r i o s *  , . .  , , ,  New York: 

McGraw%Bill, 1960 

Bertles, A., Carlsson, A., & Roseng 

ScanBinavica, 1958, 44, 273-2292. 

7 Acta P&-slologica 

Brown, J. S., Bilodeau, E. A., & BsGron, ly. R, BidireetlonaZ 

gradtents in %he strength sf a generalized voluntary response 

to stimuli on a v$mml-spatlal dimension. Journal . ,  CII- of 

Experimental Psyeholo$y, 1951, 41, 52-61 

Cor&, N., & Stern, J. Stavility a d  edapf&%fon o f  some 

measures of electrodermal activity in children. Saurnal 

- of I Experimental , .  Psychology, 1963, 65, 80-85. 



95 

Duffy, E, The peyahological sigplifioance of the uoncept o f  

"arousa?,l" or "activationft, PsychoZpgical. 

64, 265-275. 
RUffy, E. - and behavior. Hew York: Wiley, 1962. 
Erickson, C. W,, & qeehsler, K. Some effects of experimentrally 

induced anxiety upon discrimination behavior, 

Abnormal and Social Psychology, 1955, 51, 458-463. 
Frankenhaueser, M., & Post, B. Oatecholamine excretion 

during mqn'bal work as modifled by centrally acting groups.. 

7 k.ta Fhysiologica Setmdinavica, 1962, 55, 74-81 e 

Graham, L. A,, Cohen, $. E., Shmavonoian, R. M., & Rirshner, M, 

Spapathetico-adrenal correlates of avoidrtnoe and escape 

behavior in human conditioning s0udies. 

Medicine, 1.963, 25, 488-489, 
Psycho@om&tic 

Granit, R e  Receptors - and s-en$ory perceptions, mew Haven, Corn: 
Yale: University Press, 1955. 

Jackson, C. B., Jr., Douglas, We K., Culver, 5, F., R y f f ,  Ce, 

Knoblook, E. C., and Graybiel, A. ResulZls of preflight and 

postflight medical exminations z ~ o $ - ~  - COW. __ . - on Rtssults of 

-. Fir.+ 8. subor>s-a.& Spage Flight, ~ -- JWR 6, l%le 
Jacobs, S., Sobel, C., & Henry, R. Journal 7 ,  of (3linical 

Endocrinology - and Metabol&m, 1961, 21, 303-314. 
Johnson, L. Spontaneous autmcslhic activity, autonomic 

reactivity and adaptation. Report 62-7, U, So Navy 

Medical Neuropsychiatric Research Wnit, $can Diego, California, 



Kerle, R. H., & Bialek, EI. M. The construction, validation 

application of a svbje0t;ive s2;ress scale, 

February, 1958, U J + ' S .  Axmy Laadership Hmm RFcsaew?'oh VnSt, 
$ 

e .. 

Predisio OF Noatterey, Gali$ornia. .? 

Lacey, J. I.; 8c Lacsy, B, 0 .  The rela-bicnzahip of reslt;%ng 

autonpmic activity to motor impulsivity. In We e. SOJO~OR, 
8 .  Cobb, & PenPSeld, W, (Ed&),  T?e brain a 
Baltimors : Wi3lianns a d  Wilkins , 1958, 

. 

Lazarus, R, S, A laboratory qpproach, to a:he dynwics o f  

psychological stseas . _Journal ' c - c , .  of energ Psry@hol., $963, 

8, 192-213. 
Lazarus, Re So, Deese, Y., 8c Osier, S, F. The qIPPsctO of 

McReynolds, P,, & Acker, M. 7- "fhe obscure P,iguri;s m, & e  

BehavSoral raswrch Mama1 for adminisfration ; -  m d  =ri.n,g. 

Laboratory, Veterans Adm%ni,@%ration Hospital, Falo AXCo, 

California, Research Report No, 34$ 3.965. 
Malino, R., & ShaGass, 0. Physiologic sLqdy of symptom 

mechanism in psychiatric pattiants under s%retss, 

Medicine, 1949, 11, 25-29. 
Malmo, R. B. Activation: A n 

PsyCho$oma%ic 

Psychological Review, 1959, 66, 367486 
Martin, I, A note on reflex sensitivity md PQrmtztion of 

conditional response. - md rTharapy, 1963, 
2, 185-190. 



97 

Melton, A, W. (Ed.) Apparatus - tests. A f U  Aviat. Psychol, Prog. 

Res. Rpb. No. 4, WashSngeon, D. G o :  U. S. GOT@ t PrPnting 

Office, 1947. 
O f  ability. Otis, A. S, -I Otis self admin$atering - 

Manual. and key. (Revised). w York: Hewrcourt, Brace m d  

World. 

Parin, V., B&yevskyJ R. & Gazlenko, 0. €$@art and circulation 
under space conditions. . Acta Cardiologica, 1965, 20, 105-1290 

Parsons, 0. A., Phillips, Lo, & Lane, J, E, Perf"orman@e on 

the same psychomotor task under stressful conditions. Journal 

I_ of PSy~holo~, 1954, 38, 457-466, 
Pekkarinen, A., Castren, 0., Eisalo, E., Koivusalo, M., 

Laihinen, A,, Simola, P., & Thomasson, B, The emotional 

effect of matricu1at;lon examination on the exeretion of 

adrenalin, nor-adrenaline, 17-hydroxy-cortieosteroids in 

the plasma. Biochemistry, aJharmacology, e physiology, 
New York: Pergammon Press, 1961, pp 127-137. 

Sobel, Ce, & Henry, R. AnericaJz Journal - c ,  of Clinieal Pathology, 

1957, 27, 240-2450 
Stern, J. Stability-lability of physiological response sys%em. 

annals ---- of the New Pork Acadeq 7 of qciences, 1966, 1018-1027. 

Stem, J., Stewart, M., & Wfnokur, G. An inves%igation of some 

relationships between various measuret3 of the galvanic skin 

response. Journal 7 of' Psy@hoscjma%ic Research, 1961, 5, 215-223, 



Stern, Je, WZnokUr, G . ,  Graham, D., 8a Or 
in physiQlogica1 means during 

Journal, - of 
e ,  

Stern, q . ,  WinaKur, G., Stewr%, P 

d e m l  conditioning: S 

of Nervous and Mental P 
- c . .  _ * .  

Townsend, J. C. The measurement o 

rate of change of ghyaiologica& &at& and the determination 

of their statist"iicaJ. significance. 

Space Medicine, PTASA Headquarters, Washin@csn, D. C . , 1965 

Rate of change m d  rate of 

Unpublished paper, 

Tomsend, J. C., & Lindsey, J. p. 

rate of change of physiologiaa parameters: Their sign.lifieance 

and evaluation. NASA working paper, Spacs Medicine, OMSF, 

rters, Washington, C. D.) 1965. 

Townsend, J. C,, &Lindsey, 6, B, Determination and evalust;ion 

measurements in the analysis of spaa0 medical data, 

Multivariate Behavioral Research, 1967, 2, 63-70. 
Uhlenbruck, F. Plethysmograpkische wnMrsuchwgen am mansahen. 

Die spontis,nschwankmgen des extremitaten und der einflus der 

atmung anf dasselbe. Zeitchrift - fur Biologie, 3.924, 80, 

317-342 0 

BonEuler, U. S .  Qumtitation of stress by catecho3$mine w&lysis. 

Cllnictalc ThWap@uti@S, S964, 5, 398-lCQll.9 

von Euler, U. S., & Zishajko, F. Physiologic6 $cwdinavioa, 

2959, 45, 122-132. 
Weider, A,, WolPf, H. G., Brodm, IC., Mittelmavl, Bo, & 

Wechsler, D. 33--.-c- Cornell Endex: Manual (Revissd E d . ) .  New York: 

Psychological Corporation. 


